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ABSTRACT 


Water loss is a serious problem for the majority of water utilities in Indonesia. 
It is estimated that the average level of unaccounted-for water is ranging from 40 to 50 
percent of the total water distributed to the systems. A study of water loss reduction 
program in 20 small and medium towns has shown that an aggressive reduction 
program supported by institutional development is considered to be a cost-effective 
means of reducing unaccounted-for water in most of the towns. It is now under 
serious consideration that the program will be extended as a national program covering 
all potential water utilities throughout the country. 

In this report, the concept for the program implementation is discussed and 
evaluation of the results of the water loss reduction study in the 20 towns is carried out. 
The evaluation includes assessment of the appropriateness of the recommended leak 
detection methods and unaccounted-for water reduction target, and analysis of the 
economics of the program. 

Utilizing the data and results from the study, a simple cost model, based on the 
predominant unit cost parameter, and feasibility indication of similar program for other 
small and medium towns are developed to assist in budget allocations and prioritizing 


the towns that need to be included if the extension of the program is to be decided. 
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I. INTRODUCTION 


1.1. BACKGROUND 


Water loss is a serious problem for the majority of water utilities throughout 
Indonesia. It is estimated that the national average for unaccounted-for water in 
existing water supply systems is approximately 43 percent of total production (Coffey 
and Partners Pty. Ltd., 1989). This fact has been recognized by the Government of 
Indonesia (GOI) as an area where major improvements in levels of efficiency should be 
achievable. An efficient unaccounted-for water reduction program would contribute to 
meeting the set target of water supply sub-sector development program in line with the 
national economic development in the context successive five-year development plans 
(REPELITA). 

The control of unaccounted-for water is mainly a routine operational program 
of the water utility. But the Government of Indonesia is aware that the concerned 
municipal water utilities, especially in small and medium towns, generally lack of the 
experience, equipment and financial resources in order to introduce the necessary 
measures to decrease their water losses. Unlike the unaccounted-for water reduction 
program in large municipal water supply systems, which is technically feasible, 
financially viable and can be carried out on individual town basis, an extensive 
program for small and medium towns seems to be financially not justifiable and 
unattractive unless an appropriate and cost-effective method is available. The problem 
becomes more difficult as for most of the water supply systems in the country, the 
provision for the control of water losses was not carefully considered when the system 
were built. 

For this reason the GOI under financial assistance from the Asian Development 


Bank (ADB) is introducing a new program, namely Water Loss Reduction Project, 
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2 
which is designated to reduce unaccounted-for water in 20 municipal water supply 
systems. This is the first major attempt to find a systematic approach for solving the 
water loss problem in small and medium size water supply systems, which represent 
the majority of municipal water utilities in Indonesia. The program is expected to be an 
initial one which later, when the program in those 20 towns has proven to be cost 
effective and efficient, will be extended as a national program covering all similar water 
utilities throughout the country. 

As the preparation for the program, a study using representation and 
extrapolation methods was carried out by a consortium of international and local 
consultants since October 1988 and completed in January 1991. The objectives of the 
study are to find the most appropriate concept for the implementation of water loss 
reduction program in those 20 towns but also replicable for other similar categories of 
towns, and to assess the feasibility for the project implementation in those 20 towns. 
Based on evaluation of various aspects the study recommends that a routine leak 
detection control program should be performed by each water utility. Three categories 
of leak detection equipment set based on the number of service connections are 
recommended (Lahmeyer Int. and Associates, January 1991). The study has also 
shown that the acceptable level of unaccounted-for water could vary for every town 
depending on characteristics of the system, existing percentage of unaccounted-for 
water, and financial situation of the water utilities. If the suggested level of 
unaccounted-for water, which is mentioned in the national technical guide-lines for 
water supply sub-sector development, i.e. 20 percent, is to be achieved, the study 
shows that the project is not financially justifiable for some of the towns. 

Evaluation of the financial internal rate of return (FIRR) of the project for every 
town shows that only 14 towns have FIRR more than 10 percent, while the remaining 


six towns would have FIRR less than 10 percent. Two out of these six towns have 
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3 
negative FIRR. A fairly broad comparison between the cost of the water loss reduction 
program with an expansion program for those 20 towns, if the same amount of 
additional water gained is to be provided through an expansion of plant capacity, was 
also given to facilitate the decision maker for its final decision to implement the project. 
The results are quite similar to the above mentioned financial evaluation results, 
showing that the water loss reduction project is more cost effective for 13 towns, is 
comparable for one town, and is less cost effective for the remaining six towns, 
compared to the expansion program. Since the implementation of the project will be 
financed through a loan from the ADB to the central government, in this case a 9 
percent FIRR was used as the minimum indication of the feasibility of the project 
(Lahmeyer Int. and Associates, April 1990). Therefore, it was finally concluded that 


the project is technically feasible and financially viable for only 14 out of the 20 towns. 


1.2. THE NEED OF COST MODEL AND FEASIBILITY INDICATIONS 


According to recent national guide-lines for water supply sub-sector 
development, every development program for municipal water utilities should be made 
self-supporting project as much as possible except for emergency purposes. This is 
one of the most important indicators used in the assessment of the priority of the 
program in order to obtain the approval and financial support from the local and/or 
central government. Priority would also be given to the program of reducing 
unaccounted-for water to an acceptable level in order to make optimum use of existing 
systems (Coffey and Partners Pty., 1989). 

Since more than 80 percent of municipal water supply systems in Indonesia can 
be categorized as small to medium size systems, and since the study has shown that the 


recommended program can not be financially justified for some of the towns, therefore 
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4 
it will be quite useful to have a representative cost model and feasibility indications for 
the implementation of similar water loss reduction project in other towns outside those 
20 towns. If the cost and feasibility indications of a similar water loss reduction 
project for a particular municipal water supply system can roughly be estimated using a 
representative model, the unnecessary cost for the investigation and feasibility 
assessment of the possibility of implementation of the project in that particular system 
can be avoided. The model can simply be used in an initial assessment for knowing 
the level of priority of a water loss reduction project in similar water supply systems in 


the future, if the water loss reduction program is to be extended as a national program. 


1.3. OBJECTIVE AND SCOPE 


It is important to evaluate the results of the Water Loss Reduction Study and to 
analyze the most important factors governing the cost and feasibility indications of a 
water loss reduction program for future development in water supply sector in 
Indonesia. 

The objective of this study is to develop a representative cost model and 
feasibility indications of a water loss reduction program for small and medium size 
water supply systems in Indonesia, using the results of the water loss reduction project 
preparation in the 20 towns extensively. In order to do this, the necessary evaluation 
and analyses of the results of the previous study will be performed. 

The scope of evaluation in this report, in general, can be summarized as 
follows : 

- review of data on major components of unaccounted-for water, 
- evaluation of the recommended leak detection methods and estimated possible 


reduction of unaccounted-for water, 
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- cost comparison of the water loss reduction project in the 20 towns and evaluation of 
major cost components, 

- analyses and evaluation of the benefits of a water loss reduction program, 

- analyses and selection of representative cost parameters for the development of the 
cost model and feasibility indications, 

- evaluation and assessment of the adequacy of the model, 

- discussion of the results of the evaluation in relation to the practical use of the model, 
and 


- conclusions and recommendations for further refinement of the model. 
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II. WATER LOSS REDUCTION PROGRAM 


2.1. BACKGROUND 


Under the fourth Five-Year Development Plan / REPELITA IV (1984/85 - 
1988/89) the Government of Indonesia aims to provide safe water supply to 75 percent 
of urban population by 1990 (Lahmeyer Int. and Associates, February 1989). This 
target could doubtfully be achieved due to the slow down in project implementation and 
some other limitations. This sub-sector program was expected to spill over to the 
1990s. It was further realized that water loss due to leakages and other components of 
unaccounted-for water were becoming points of major concerns as the national average 
for unaccounted-for water is high. The Government of Indonesia considers that an 
efficient water loss reduction program would contribute to meeting the REPELITA 
goals by conserving scarce financial and water resources and by providing in the short 
run an alternative to expensive programs of further expansion of water supply systems. 

In other countries, as well as in some projects in large cities in Indonesia, it has 
been demonstrated that an efficient program of water loss reduction generates enough 
saving to pay for itself, while there is the further benefit of delaying the need for major 
augmentation programs. Therefore the Government considers the need to introduce a 
new program for water loss reduction in the next Five-Year Development Plan. It is 
expected that a water loss reduction program is to be assigned routinely to each water 
utility, but the Government realizes their limited capability, experience and facilities in 
implementing this program. For this reason, a project designated to reduce 
unaccounted-for water in 20 selected towns is to be initiated under financial assistance 


from the Asian Development Bank. 
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2.2. OBJECTIVES AND SCOPE 


The project that is expected to emerge will aim to reduce water loss occurrences 
in some 20 towns through a program based on cost-effective measures. The program 
will also include an institutional development component to support the technical 
measures to be taken in the project towns. This complementary measure will cover 
administrative procedures, staffing and human resources development, so the program 
could be implemented on a sustained basis. 

Project components will be determined under a sub-project technical assistance 
and would likely to include the following major components : 

- updating of records and inventory; 

- replacement and servicing of customer water meters; 

- waste water monitoring; 

- leak detection and pipe repairs; 

- system rehabilitation and replacement of poorly laid or corroded pipe; 
- institutional development; 

- improvement of operation and maintenance; and 


- consultant services and training program. 


2.3. PROJECT AREA 


Twenty water supply systems in small and medium towns/cities were chosen as 
the proposed locations of the project. In relation with the intended approach that will 
be used in the study for the preparation of the project, described in Section 2.4, and 
possible extension of similar program to other towns in the future, the selection of 
project areas was made in such a way so that grouping of towns based on similar major 


characteristics is made possible. The selected systems could also be considered as 
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representative of the majority of water supply systems in Indonesia. 

Topography was considered as a major characteristic for the towns and closely 
related to water loss aspect since there are differences in the distribution systems due to 
the topographical conditions such as soil type, system pressure, type of distribution 
system, etc. Considerations were also given to geographical distribution of the towns, 
socio-economic aspect, institutional, financial and other technical aspects such as 
system capacity, type of raw water source, percentage of unaccounted-for water, age 
of the system, etc. 

The project towns are situated in seven provinces over two main islands in 
Western Indonesia, Sumatera and Java, as shown in Figure 2.1. The list of towns and 


their geographical/topographical situation is given in Table 2.1. 


2.4. PROGRAM FORMULATION AND SCOPE 


A sub project technical assistance was provided by the Asian Development 
Bank for the formulation of the program. At the end of 1987, the Directorate General 
of Human Settlements (Cipta Karya) of the Ministry of Public Works , as the executing 
agency, invited Consultants to make proposals for Consultant’s services for the 
preparation of the Water Loss Reduction Project and Loan Proposal for the 
implementation of the project. 

In September 1988 Lahmeyer International GmbH. in association with P.T. 
Resource Development Consultants (REDECON), P.T. Arkonin Engineering and P.T. 
PAS receive the Notice to Proceed and the Water Loss Reduction Study started in 
October 1988. The study was originally scheduled to be completed in July 1990, 
however, due to the delay in the procurement and supply of leak detection equipment 


and materials, it was just completed in January 1991. 
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Table 2.1. Topographical / Geographical Comparison of Towns 
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11 
As to the need to expedite the program, the formulation of the project has been 

prepared using representation and extrapolation methods. In this case a detailed 
feasibility study was carried out using four selected, representative towns, while the 
remaining 16 towns were studied up to prefeasibility level. The scope of the 
consultant’s works followed the terms of reference and comprised two parts, part A 
being divided into two phases. It can be outlined as follows : 

Part A - Phase I : Identification Study 

- field visits to 20 towns; 

- selection of four representative towns; 

- selection of pilot zones in the four selected towns and preparation of equipment 

and materials; 

- preliminary institutional and economic studies; and 

- training approach. 

Part A - Phase II : Feasibility and Prefeasibility Studies 

- performance of leak detection programs in 4 towns; 

- training program; 

- extrapolation for 16 towns; 

- preliminary design and Feasibility studies for 4 towns; 

- outline design and prefeasibility studies for 16 towns; and 

- loan proposal for the implementation of the water loss reduction program. 

Part B : Detailed Design and Tender Documents 

- supplementary field surveys in 4 towns; 

- detailed designs; and 

- preparation of tender documents. 


The schematic process of the Water Loss Reduction Study is given in Appendix A. 
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2 
I. WATER LOSS REDUCTION STUDY OVERVIEW 


3.1. SELECTION OF REPRESENTATIVE TOWNS 


For the purpose of selection of representative towns, criteria for grouping, 
ranking and selection of pilot areas had been developed in the early stage of the study 


and are shown in Table B.1 (Appendix B). 


3.1.1. Grouping of Towns 


The criteria for grouping were chosen for the purpose of selection of 3 to 5 
groups of towns of similar characteristics. Each town within a group should be 
representative of the group, and the results obtained from the studies and programs 
performed in the highest ranked town of each group should be suitable for 
extrapolation with regard to the remaining towns of the group. 

It was agreed to use the criteria of topography and geographical distribution for 
the grouping of towns. As it was expected, topography has been considered as a 
major characteristic of the towns. Three groups of towns can be identified in 
accordance with their topographical location ; towns located in coastal areas, lowlands 
plain (flat) and upland plain (mountainous) areas. 

The criterion of geographical distribution of the towns was used for the equal 
distribution of the representative towns over the islands of Sumatera and Java, mainly 
for the purpose that the distance to the remaining towns can be kept in a reasonable 
range, so that those towns not selected as representative towns could profit from the 


leak detection programs in the selected representative towns. 
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The criteria were applied for the compilation of groups in a way that the towns 

were divided into three groups according to their topographical situation, which were 
subdivided by their geographical distribution. Since only four towns could be selected 
as pilot towns, topography was conceded priority over geographical distribution. 
Taking into account the total number of towns in each group, it was agreed that four 
groups were chosen as indicated in Table B.2 (Appendix B). The final grouping is 


shown in the following table. 


Table 3.1. Results of Grouping of Towns 


Group No. Location No. of Towns 
I Coastal area / Sumatera 3 
II Lowland's area / Sumatera 6 
Il | Lowland's area / Java 4 
IV Upland area / Sumatera + Java u 


Source : Lahmeyer Int. & Associates, June 1989. 


3.1.2. Ranking of Towns 


The criteria for ranking were applied for the purpose of determining the 
sequence of towns in each group with the highest ranked towns being the most 
preferable for the performance of introductory leak detection program. The criteria 
were weighted according to their significance for the program and were given scores in 
accordance with the results of field investigations. The highest number of points 
indicates the highest ranked town per group. 

A sequence of importance was determined for the ranking criteria, expressed by 


the headlines I to VI in Table 3.2. The criteria to comply with the headlines were taken 
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14 
taken from Table B.1 (Appendix B), but limited to the number necessary to give 
sufficient evidence for each of the headlines. 

The criteria were then weighted with regard to their importance, with the most 
important given a weight of 10 and the least important 3. The following table indicates 


the 24 criteria chosen for ranking and the weight applied to each criterion. 


Table 3.2. Criteria for Ranking of Towns 


Ranking Criteria Weight 
I Water Loss Rate 
1. Percentage of total water losses 10 


II Highest Benefits from Water Loss Reduction Program 
2. Cost of water production 
3. Consumer candidates waiting 
4. rate of leakage (leaks per month) 

Ill Financial Ability and Assistance of Water Utilities 


5. Financial situation (rate of return) 7 
6. Assistance of Water Utilities q 
IV Water Distribution System Conditions 
7. Type of distribution system 6 
8. Pipe materials 6 
9. Age of pipes 6 
10. Hours of service 6 
Vv Water Supply Service Conditions 
11. Existing water source capacity 4 
12. Percentage of population served 4 


VI Opportunities for Future Expansion 
13. New consumer connections per year 


14. Average water consumption 


Source : Lahmeyer Int. & Associates, June 1989. 
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To the ranking criteria selected and weighted in the above table, a scoring 

system was used for the evaluation of the data collected during the field visits. Table 

B.3 in Appendix B shows the scores allocated to each of the data. The scores vary 

from 1 to 4. They were applied in such a way that the higher the need for the water 

loss reduction project, the higher the score. A summary of comparative table of the 
data used for ranking the towns is given in Table B.4 (Appendix B). 

The total score for each criterion was calculated by multiplying the predicted 

scores for each of the criteria with the weight assigned to each criterion. The total 

scores for each town were then summed to arrive at the final total. The results of 


ranking process of the towns are summarized in Table 3.3 below. 


Table 3.3. Summary of Rank of the Towns 


Group No. Town Final Total Score Rank 


I Banda Aceh 189 1 
Pangkalan Brandan 186 2 
Langsa 168 3 
II Jambi 215 1 
Binjai 196 2 
Tebing Tinggi 171 3 
Pakanbaru i7t 4 
Pangkal Pinang 170 5 
Kisaran 158 6 
Ill Purworejo 199 1 
Bekasi 191 2 
Serang 169 3 
Cilacap 165 4 
IV Tasikmalaya 201 1 
Padang Sidempuan 189 2 
Magelang 184 3 
Purwokerto La. 4 
Rantau Prapat [37 5 
Baturaja 147 6 
Garut 136 7 


Source : Lahmeyer Int. & Associates, June 1989. 
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16 
As a result of the ranking process, the following towns are the first ranked for 


each group and therefore considered as the ones with the highest need for a water loss 


reduction project : Group I Banda Aceh 
Group II Jambi 
Group III Purworejo 
Group IV Tasikmalaya 


3.1.3. Selection of Pilot Zones 


Pilot zones were chosen in the four selected towns with the aim that they 
should be representative of respective town. Criteria considered applicable for the 
selection of pilot zones had been developed in connection with the grouping and 
ranking of the 20 towns and are mentioned in Table B.1 (Appendix B). 

The approach to the selection of pilot zones considered that the following 
conditions were met : 

- the pilot zones can be easily isolated; 
- the pressure within the zones allows 24 hours water supply and is sufficient for leak 
detection operation; 
- conditions in the pilot zones are suitable for extrapolation; 
- consideration of future extension of the leak detection program; 
- the possibility of minimizing the disturbance to the neighbouring supply areas while 
isolating the zones; 
- the field works will not cause too much disruption of the traffic; and 
- the pilot zones should comprise about 25 percent of the total consumers , if possible. 
In addition to the above technical aspects, considerations to other aspects, e.g. 


administration/financial, institutional and socio-economic aspects had also been taken 
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7 
into account for the selection of the pilot zones. 
In order to comply with the fore-going approach, two or more zones have been 
selected in each of the four towns depending on the local conditions. The locations of 


the pilot zones in those towns are indicated in Figures 3.1 to 3.4. 


3.2. LEAKAGE CONTROL PROGRAM 


A leakage control program was performed in each of the selected pilot zones of 
the representative towns for the purpose of demonstrating the full range of leak 
detection measures and identifying the most appropriate and cost-effective measures. 
The whole program can be subdivided into three steps in accordance with work’s 
activities schedule : 

1. consumer and water meter survey; 

2. preparation of pilot zones (installation of materials); and 

3. performance of leak detection program. 

Prior to the execution of the above program, some preparation works including 
evaluation of the leak detection methodology and equipment which will be used and 
assistance in the procurement of necessary equipment and materials, were performed. 
A preliminary water balance based upon available data was also made for each of the 
four towns to indicate the estimated level of each component of the unaccounted water. 
The balance had been made in terms of the volume of water distributed and the 
unaccounted is the difference between this volume and the volume recorded by the 
consumer meters. The average volume of water produced, distributed and sold during 
the last 12 months in each of the representative towns is shown in Table 3.4. The 
water losses indicated in the table were derived from the difference between water 


distributed and water sold. 
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Figure 3.1. Location of Pilot Zones in Banda Aceh 
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Table 3.4. Average Water Production, Distribution and Sales (1988/89) 


Description Banda Aceh Jambi  Tasikmalaya Purworejo 


Water production (m3/d) 26,800 24,306 Piro SSA, 


Water distributed (m3/d) 24,120 21,390 8,276 9,263 
Water sold (m3/d) 13,824 111 4.591 6,726 
Water Loss (m3/d) 10,296 6,278 3,685 2537 

(%) 43 29 44 27 


Source : Lahmeyer Int. & Associates, February 19904. 


3.2.1. Consumer and Water Meter Survey 


The consumer and water meter survey aimed at the identification of the 
consumers in the pilot zones of the four towns as well as recording their service 
connections including water meter, in order to collect the base data required for further 
assessment of the results from the leak detection program. 

A summary of connections, consumer classifications, valves and pipes for the 
pilot zones in every town is shown in Table 3.5. While information of the condition of 


water meters in those pilot zones are shown in Table 3.6. 
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Table 3.5. Consumer Connections, Valves and Pipes at the selected Pilot Zones 


Description 


# of connection 
% of total connection 
Consumer classifications 
- domestic 
- commercial 
- industrial 
- social 
- public taps 
- unidentified 


585 oy 


# of valves, including : 
- valves repaired 
- new valves installed 


metering points 
Length of pipework (m) 
including : 
- 250 mm Dl 
- 250 mm AC 
- 200 mm DI 
- 200 mm AC 
- 150 mm AC 
- 150 mm PVC 
- 100 mm AC 
- 100 mm PVC 
- 80 mm AC 


- 80 mm PVC | 
- 80 mm Gl - - 


- 40 mm PVC 


8,160 | 310 610 | 1,940 |2,120] 360 180 
1,030] 4, 270 530 
- 3,990]1,540 
- 40 mm Gl - 270 


TN axaitons SS ae 


distribution system 
Source : Lahmeyer Int. & Associates, February 19904. 
Note :*) In Purworejo pipes of diameter 40 mm have been included 


- 50 mm PVC 
- 50 mm Gl 
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24 
Table 3.6. Water Meter Condition 


Se ee 
Se ta ——————— 
Broken 


Buried 14 
ae 
1645 } 94 {2091 }; 94 807 } 83 be U ee 


Unreadable 

Satisfacto 
| Noaccessinotsurveyed | 34] - | 23] - | 213) - | 36] - | 
| Tou as | [2254] - |it93 | - [| 995) - | 


Source : Lahmeyer Int. & Associates, February 19904. 


3.2.2. Preparation of Pilot Zones 


This activity aimed at the preparation of the pilot zones by installing the 
materials necessary for the isolation of the zones, metering of water flow and pressure, 
and subdivision of the zones (for the purpose of step testing). 

In this step a valve survey was performed in order to locate all valves in the 
pilot zones and to identify whether their condition was still good or they needed to be 
cleaned, repaired or replaced. The equipment used for this survey were valve box 
locator and listening stick. 

Beside the repair and replacement of boundary valves and valves for step 
testing, some minor alterations were also made on the distribution system in order to 
ensure the adequacy of the condition of the system. For example a pipe had been cut 
and capped and a new section was installed, or a connection was required between 
existing pipes in order to increase inadequate pressure. In some cases relocation of 


service connections was also necessary where these connections were found to be 
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25 
directly supplied from a transmission or distribution main, or where there was a good 
reason to move a connection to another zone or step of the step test. 

In most cases, metering points, which were required at each zone for flow 
monitoring purpose, had to be prepared for temporary installation of an insertion flow 
meter. These metering points will in future be used for permanent monitoring of the 


particular zone. 


3.2.3. Performance of Leak Detection Program 


The leak detection program aimed at the detection and repair of the leaks in the 
pilot zones to an extent achievable in the limited time attributed to the work’s schedule. 
Due to the unreliability of available data and for the purpose of the transfer of 
knowledge, it was decided that a combination of the two common approaches to 
determining water system leakage would be performed; water audit and leak detection 
survey. The term water audit refers to the district flow audit for the respective pilot 
zones. 

In general, the leak detection program comprised the following activities : 


- isolation test; 
- minimum night flow (MNF) measurement, 
- step test; and 


- leak detection survey and repairs. 


The equipment used for these activities are listed in Table 3.7. 


3.2.3.1. Isolation Test 


Isolation tests were conducted after the zones had been sufficiently prepared 


and pressure meters were installed. In some cases final valve checks had to be made 
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before the isolation test could be successfully performed. The isolation test was 
started by closing all boundary valves. The main inlet valve was then shut and the 
pressure gauges installed at strategic points within the zone were monitored. The zone 
was considered to be satisfactorily isolated when an immediate drop in pressure could 


be observed. 


~ et ba pull nahh aie ley = f 
on a aoe | 
Wigieoes Seneewecaraty rit cprtr ee fhaleact $a oT 


P| 


Aseniqo-{ ‘soveiossy wy “Wuy soXowye’] : duno 


ulejug 
uleqyug 


uleyug 


BULIPENHO 
yong 


taht haeeedabbeetatedbeehdd thebehhedbadahaahditdadddadaaa ete ee 


O0€l Id 


+ TN TSC e we evs srr ev ery rrwrrery ry ¥ETe dh Ver WET ENE TTT eyTTy Cr ryET ere es evererrererevererre is 


OOP” CGY 


Y 


necasenenassece 


JONASNVYL TAASVSeNSS3ud 


2 esnesenssennes, 


“uleyg 


ulequg 


ahh th ehd het eehttthebbdteedeehd tibhbhbhaaadddaaaddaddddadadtoaetontionenioeetieteel 


uleyg Il xepjey joqje | 


J AAs aAnnmsasnnasanesaaasasasnnasandh cans anasnnsecarasasasesanas anes nansasnsasnsanas ass aacracas aces nets anes acns acer annsanns nas, 


uieqwg CON joqiet 


Qd3W/€/HGg0l 
eUuUIpeNH jas JE\EYy MO|4 UOlesu| 


ISZ@ Ld MOl) Qld 
i oa INSWSYNSYSN MOT 


NIDIHO Hake YSYNLOVANNW fee ee NOWLdIHOS3G ey 


WeISOIY UOND9}9q ARI] 1OJ Juaudinby jo ist “7 BIGRL 


uleyug 


28 


3.2.3.2. Minimum Night Flow Measurement 


Minimum night flow (MNF) measurements were performed as a means of 
determining the leakage level in the zones. The minimum night flow in each of the 
zones was measured in two consecutive nights and had to be repeated in the cases 
where the results were not satisfactory. One of these results was used as the starting 
level for measuring the effect of the leak detection program. Another one or two 
measurements of minimum night flow were recorded after leaks detected were 
repaired. 

All large night consumers were identified and their consumption rates were 


determined separately by reading their meters at intervals of 10 or 15 minutes. 


3.2.3.3. Step Test 


Step tests were performed for the purpose of identifying the level of leakage at 
particular sections or lengths of pipes. The first step test were generally carried out the 
first night following the minimum night flow test. The results were used to direct the 
leak detection teams to particular areas of the zone where excessive leakage was likely. 
After a first round of repairs the second step tests were performed to define the areas 
where intensive checks had to be made. 

The average number of steps per zone was between 10 and 12 with the 
exception of Tasikmalaya, where almost every pipe segment was considered. The 
average number of connections and length of pipe work per step varied for each town 


as shown in Table 3.8. 
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Table 3.8. Details of Step Testing 


No. of connections 1,781 2,254 1,193 
Length of pipe-work (m 25,230 23,140 21,120 UU S16 


No. of zones 


No. of sub-divided zones 


Average No.of steps per zone 


Average No. of connections per step 


Source : Lahmeyer Int. & Associates, February 19904. 


3.2.3.4. Leak Detection and Repair 


Leak detection work started following the minimum night flow measurement 
and first step test. In this case, particular attention was first paid to the backlog of 
leaks in the whole zone since no leak detection work had previously been done. The 
techniques used for leak detection work were as follows : 

- visual inspection for detection of visible leaks; and 

- sonic survey for detection of non-visible leaks. 

Detection of visible leaks was conducted at the start of the leakage control 
works. This is a straight forward operation without the need of additional works and 
equipment. The operation was normally performed during daytime, but some checks 
were also undertaken at night when the system pressure was higher. 

The detection of non-visible leaks was performed based upon the step test 
results. Two types of sonic leak detection equipment were used in this survey; 
listening stick (aquaphone) for the sounding of fittings for leak noise and acoustic leak 
detector (geophone) for locating or pin-pointing leaks of pipes from the surface. It was 


performed on those sections of pipelines which were found to have high leakage 
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30 
levels. Detection works were undertaken during the times of minimum demand when 
the system pressure was higher. 

The leaks found were identified and marked on drawings. Details of the 
location, pipe size, works and materials required for repair works were noted. Then 
the repairs were done right away to an extent that materials required were available. 

The number of leaks detected as well as the location of the leaks and the pipe 
diameters and materials are shown in Table 3.9. It shows a considerable difference in 
the number of leaks detected, varying from 23 in Purworejo to 218 in Jambi. The high 
difference was recognized as mainly due to the fact that consumer meters in the pilot 
zones in Tasikmalaya and Purworejo were repaired before this program started, 
whereas in the two other towns they were considered as part of the repair program. As 
can be seen from the information about leak locations, the majority of leaks were found 
at consumer water meters and only some on distribution and service pipes. 

From the information about the pipe diameters and materials on which the leaks 
occurred, it is obvious that most of the leaks happened on diameters of 40 mm and 
below. While the leak occurrence on materials was found to be depending on the 
materials prevailing in each town which often reflect the age of the distribution system, 
since for most newly installed systems the use of plastic pipe (PVC) is preferable 


except for a very specific local technical reason where galvanized pipe is required. 
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Table 3.9. Number and Locations of Leaks Detected 


[ES Prone ell Bade Aceh urworeo 


1,781 2.254 1,193 995 
25,230 23,140 2VA20 11,810 
Total 


207 ps 
Leaks/1000 Connections aes rae 
JLeaksRepaired | 96 | 218 


rae ae 
Leaks Location : 
86 
82 
50 
17 


Number of Connections 
Length of Pipework 
Leaks Detected : 


- by visual inspection 


- by sonic survey 


- Consumer meters 


- Service pipe 


- Distribution pipes/joints 
- Ille 
Leaks by pipe size & material 


al connection 


- 40 mm and below 


GI 50 
PVC 76 
AC n/a 


- 50 mm 
GI 
PVG 
AC 
- 80 mm and above 
GI 
PVG 
AC 


Source : Lahmeyer Int. & Associates, February 19904. 
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3.2.3.5. Leak Detection Results 


From the measurement of minimum night flows before and after leak repairs, 
the net night flow (in litre/connection/hour) were calculated by deducting 2 
litre/connection/ hour as allowance for legitimate consumption during night time. In 
two towns, Tasikmalaya and Purworejo, where the use on the consumer properties 
was considered higher, a figure of 4 litre/connection/hour was applied. The reduction 
achieved in net night flow (in litre/connection/hour) and in leakage (in m3/day) in the 


pilot zones of the four towns is shown in Table 3.10. 


Table 3.10. Reduction in Net Night Flow and Leakage 


pats Taaffe tsb To : 


No. of Connections 815} 966} 1410] S560] 284 288| 711] 636] 359 
50.6] 86.4] 45.7] 42.5] 23.8] 39.1] 55.4] 72.8] 49.3] 24.1 
42.61 77.3] 46.3] 34.0] 19.6] 14.2] 29.1] 42.0] 24.7] 23.5 
erry 9.1 rr reson |f a veneaes | 26.3 | 30.8 hea 0.6 


Net Night Flow (L/conn/hr) 


- Before repair 


- After repair 


- Reduction 


Average reduction in NNF ta esas | 8 

Leakage (m>/day) 

- Before repair 825 | 1669 476 319} 1035] 627 
Recta BPRRrre " 
- Reduction 438 roel 


| any 


Total leakage reduction 


Source : Lahmeyer Int. & Associates, February 19904. 
In calculating the reduction in leakage, an account of the variation in pressure 
throughout 24 hours was taken. The lower pressure during the day resulted in a lower 


rate of leakage at that time. The formula used for the calculation of the leakage was 


described as follows : 
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LEAKAGE (m3/day) =NNF x CONN x T x 24/1000 
where : NNF =Net night flow in litre/connection/hour 
CONN =Number of connections 
T = Diurnal pressure variation factor = 20/24 = 0.83 
The results indicated the average reduction achieved in the pilot zones. They 
were compared with the distribution system leakage and were used as the basis for the 
calculation of the remaining leakage and estimation of possible reduction of 


unaccounted-for water in each town. 


3.2.4. Water Balance and Components of Unaccounted Water 


3.2.4.1. Water Balance for Four Representative Towns 


A water balance for each of the four representative towns was established with 
the aim of determining the components of unaccounted water. The figures determined 
as unaccounted-for water and particularly non-physical losses and distribution system 
leakage (physical losses) were used later as the basis for estimating the possible 
reduction of the losses. The water balance evaluation and the estimated components of 
unaccounted-for water for the four towns are shown in Table 3.11 

Installation of an insertion flow meter on the distribution main of each particular 
town was also performed for the purpose of checking the accuracy of the existing 
water meter. The flow was then monitored for some days and the results were 
compared with flow recorded at the existing meter. Any underestimation of volumes 


are indicated in Table 3.11 line (2). 
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A considerable underestimation of about 40 percent of the water distributed was 

recorded in Tasikmalaya. It was found to happen due to a defect in main water meter. 
This meter had been replaced and new reading was taken as a basis the calculation. 

Analysis and calculation of the components of non-physical losses were made 

based upon the findings from field activities and reasonable assumptions after taking 

into account the local conditions. The subtotal of non-physical losses is shown in 

Table 3.11 on line (6). The remaining unaccounted-for water is attributed to 


distribution system leakage (or physical losses) as shown in the same table on line (7). 


3.2.4.2. Water Balance for 16 Remaining Towns 


Water balances for the other 16 towns were calculated based upon data obtained 
during field investigation and some obligatory field checks. However, the breakdown 
of the unaccounted-for water was not possible due to the unavailability of data. 

A summary of distribution system data and water balance for all 20 towns, 


including the four representative towns, is shown in Table 3.12. 
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3.2.5. Estimated Reduction in Unaccounted Water 


The potential for water loss reduction in the four representative towns was 
estimated using the results of leak detection program in the respective pilot zones as the 
basic for calculation. 

If the reduction in leakage achieved in the pilot zones of the towns was 
assumed to be the average reduction in distribution system leakage for the whole 
town, the total reduction in distribution system leakage for each town can be calculated 
and summarized as shown in Table 3.13 below. Line (1) of the table indicates the 
existing distribution system leakage as calculated in Table 3.11, while line (2) shows 
the average reduction in leakage which was derived from the figures shown in Table 


BELO: 


Table 3.13. Reduction in Distribution System Leakage in the Four Representative 


Towns 


TOWNS | L/conn. fr | 
(1) Distribution system leakage S28, 
Banda Aceh _ | (2) Reduction in leakage 1,859 8.6 al 


Leakage Level 


(3) Remaining leaka se 3,676 en 
(1) Distribution system leakage 6,024 

Jambi (2) Reduction in leakage 2,092 Tai 9.4 
(3) Remaining leakage 33932 
(1) Distribution system leakage 6,708 

Tasikmalaya | (2) Reduction in leakage 3,588 28.8 26.0 
(3) Remaining leakage 3,120 
(1) Distribution system leakage |) 1,892 20.4 

Purworejo (2) Reduction in leakage 1,386 Rey) 15.0 
(3) Remaining leakage ; 


Source : Lahmeyer Int. & Associates, February 1990 4. 
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For the possibility of reducing the non-physical losses, it was assumed that due 
to administrative measures supported by organizational assistance these losses could 
generally be limited to 6 percent as follows (Lahmeyer Int. & Associates, February 
LOGS 


- error in volume distributed 0.5 percent 


- consumer meter error 1.5 percent 
- illegal connections 2.0 percent 
- administrative errors 2.0 percent 


- unmetered authorized usage 0.0 percent 


Total non-physical losses = 6.0 percent 

Based on further analyses of physical characteristics and the results of leak 
detection program, a realistic approach to the possible reduction in losses, both 
physical (distribution system leakage) and non-physical losses, was made as shown in 
Table 3.14. The situation of unaccounted-for water in each of the four towns before 
this project is repeated in the first column. The reduction achieved after the pilot 
project (leak detection program) is reflected in the second column, where there was no 
reduction of the non-physical losses. The possible reduction of both losses after 
implementation of this project is indicated in the third column. It was assumed that the 
non-physical losses could generally be reduced to 6 percent, whereas an allowance for 
further reduction up to 13 percent of the distribution system leakage, dependent on the 
distribution system leakage before the start of the project and the reduction achieved 
during the leak detection program in the pilot zones, was justified based upon 
consideration of the fact that the leak detection program was executed in a very limited 
time and not all of the leaks found were repaired. On the contrary, a more realistic 


figure for the reduction in distribution system leakage for Purworejo was applied. 
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Table 3.14. Possible Reduction of Unaccounted-for water for the 4 Representative 


Towns. 


TOWN | Description (1) (2) (3) 
Before After Pilot | After Imple- 
Project Project mentation 
Distribution system leakage 23.0 15.3 14.0 
Unaccounted-for water 


6.0 
Non-physical losses 9.0 0 6.0 
Jambi Distribution system leakage aU 17.6 ido 
6.0 
0 


malaya | Distribution system leakage 48.5 Dias) 
Purwo- | Non-physical losses 7.0 70 
Trejo Distribution system leakage 20.4 5.4 11.0 


Unaccounted-for water 


Source : Lahmeyer Int. & Associates, February 19904. 


From Table 3.14 above it can be concluded that after implementation of the 
project the unaccounted-for water will be reduced to 20 percent in Banda Aceh and 
Jambi, and to 17 percent and 24 percent in Purworejo and Tasikmalaya, respectively. 
The percentage of unaccounted-for water for Tasikmalaya could not be expected to 
reach 20 percent during the implementation of this project due to the existing very high 
distribution system leakage. 

In the attempt to estimate the possible reduction of the unaccounted-for water 
for the other 16 towns, it was concluded that these results, could not be extrapolated 
for those remaining towns. Any statement about the possible reduction of 
unaccounted-for water had to be based on the actual water balance, i.e. the components 
of unaccounted water, which was not established for the 16 towns due to limited time 
of the study. It was therefore assumed to define the target for the reduction of 


unaccounted-for water for these towns with 20 percent, 6 percent for maximum non- 
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40 
physical losses and 14 percent as maximum permissible distribution system leakage. 
This target would also match with recent guide-lines for water supply sub-sector 
development program, according to which the permissible level of unaccounted-for 


water is 20 percent. 


3.2.6. Concept for Program Implementation 


A concept for program implementation covering technical and institutional 
aspects was developed based upon a thorough evaluation of typical major 
characteristics of the towns and the achievement of leakage reduction in the pilot zones. 
The program implementation is intended to be performed by each water utility with the 
equipment and materials as well as technical assistance provided by the project. In this 
case the consultant would assist the water utilities in the execution of the work program 
for only the first two or three zones, after which each water utilities should be able to 
continue on the remaining zones by itself. The concept comprises the following steps : 
1. general preparations 

1.1. institutional development of water utility 
1.2. preparation of detailed drawings (mapping) 
1.3. installation of master flow meters 
2. zone establishment 
2.1. preparatory works 
2.2. valve and pipe location survey 
2.3. consumer and water meter survey 
2.4. installation of materials 


2.5. repair / replacement of water meters 
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4] 
3. leak detection and repair program 
3.1. isolation test 
3.2. leak detection survey 
3.3. leak repairs 
3.4. evaluation of results 
General preparations would be required prior to the start of zone establishment 
since the project will generally be implemented zone after zone. It should be noted that 
prior to the commencement of project implementation, a period for procurement of the 
required equipment and materials has to be considered. 
Zone establishment and the leak detection program will be executed one after 


the other, following the same sequence of activities for each zone. 


3.2.6.1. General Preparations 


The general preparations must be started well ahead of the zone establishment 
of the individual zones and comprise primarily institutional development of water 
utility, mapping of the whole distribution system, and installation of master flow 
meters to monitor the total flow into the distribution system. 

The institutional development is considered as an essential and constituent part 
of the program as it is needed for the control of non-physical losses. There are strong 
indications that by implementation of the institutional measures, particularly boosting 
of data processing and meter maintenance service, the non-physical losses will be 
reduced to the target level. The institutional components would comprise the following 
measures : 

1. development of corporate objectives and targets, as well as review of planning and 


performance monitoring; 
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2. introduction of data processing (computerization) including hardware supplements; 
3. development of a meter maintenance service; 
4. set-up of an “operations and leakage control center” for the monitoring of network 
performance as well as the steering of leak detection and repair activities; 
5. set-up of a “leak detection group” for the execution of leak detection survey and 
repairs; and 
6. review of consumer relations policy and development of an integrated public 
education program. 

Mapping of the distribution system needs to be done by the Water Utilities 
Planning Division and should be started at the earliest possible date to be available at 
the commencement of zone establishment. The drawings should be prepared at a scale 
of 1:1000 and should contain all available data at the time of preparation such as lay 
out of the distribution system, valve and fire hydrant locations as well as pipe 
diameters and materials. For this purpose, general guide-lines for the preparation of 
standard drawings were issued. 

The drawings should be updated and completed zone wise during the valve and 
pipe location survey in each zone. They will then be used for the consumer and meter 
survey to locate the individual consumers in each zone as well as for step testing during 
the leak detection survey. The drawings shall later on be kept in the new operation and 
leakage control center for use in the future routine leakage control operations. 

Installation of master flow meters are required for those water utilities that have 
no flow meter at the main distribution pipe. For those towns which already had one, 
either calibration or replacement of the installed flow meter needs to be done since none 


of them had been calibrated in the last five years or since they were installed. 
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3.2.6.2. Zone Establishment 


The activities during this stage aimed at the division of distribution network into 
zones and preparation of the zones including the installation of materials necessary for 
the execution of the leak detection program. All preparatory works in connection with 
zone establishment should have been done during the pipe and valve survey. 

To facilitate the estimate of materials and staff input for all works related with 
implementation of the project, average zone parameters for zoning of the distribution 
network, as shown in Table 3.15, had been developed using the average characteristics 
of the pilot zones. Based on these criteria and further evaluation of local distribution 
system conditions, number of zones for each of the towns was established and are 


shown in combined with the project cost estimate in Section 3.3.3 (Table 3.18). 


Table 3.15. Average Zone Parameters 


Number of Connections 500 to 1,000 


Number of metering points Ltoz 


Total Number of Valves 20 to 50 


Length of Pipe work (m) 5,000 to 15,000 
Source : Lahmeyer Int. & Associates, April 1990. 


The valve and pipe location survey will be using the relevant equipment, 
described in Section 3.2.6.4, for the following purposes : 
- updating of the maps prepared earlier by indicating all valves and pipe 


locations, so an exact layout drawing in the scale 1:1000 will be available for 


the relevant zone. 
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- recording of the condition of valves, location of service connections and any 
pipe work that is required for zone preparation. Based on this information, 
the detailed material requirements and scope of works for zone establishment 
will then be prepared. 

The same activities as performed in the pilot zones were recommended for the 

consumer and water meter survey; including : 

- collection of data comprising consumer information, water meter data and 
condition and length of consumer connections, 

- recording of all details like street names and house numbers and identification 
of the consumers as well as location of consumer connection and water 
meter. 

The information of the consumers will then be evaluated and conclusions will 

be drawn for water meter replacement and relocation of consumer connections. 

For the purpose of preliminary cost estimate, the required materials and water 

meter replacement for the other 16 towns could be extrapolated from the estimated 
quantities shown in Table 3.16, which were concluded from those provided and 


installed in the pilot zones of the four representative towns. 


Table 3.16. Estimated Materials for Zone Preparation per Zone 


5 to 10 
5 to 15 
2 
25 to 50 
50 to 150 


Valves : - newly installed Number 


- repaired Number 


Metering points Number 


Number 
Meter 


Relocation of consumer connections 


Pipe-work 


Source : Lahmeyer Int. & Associates, February 19904. 


ee er: phos 


eotiberao. 73: eae - 


ae ee 
erie thea! fre tern in Sy eh lie ne ie = eed 
oo 
Wae 1, AHI ORAS koe gt tae a. svomannny 5 ai 0- 
. aa 


7 
i coca tees Poona aN gC ek a 
cee sctins:be'3 ' sle ash bina anethncalge a au ah een i - 
any ire eget (aan at os es mnie Noam : 
aienites Sal neo Regurtns ee ea © a 0 moms wee 4 : 
int Sbbi gery ondity eee) ated wry daly O68 Aa even ari a a 
tend seemlaeungrt mane ay | 


pl AD 


mwat 

2) wit 
‘ 

a apes 


45 
3.2.6.3. Leak Detection and Repair Program 


The leak detection program aimed at the detection of the distribution system 
leakage after all preparation works have been executed and the particular zone can be 
isolated. The leak detection equipment described in Section 3.2.6.4 was a prerequisite 
for the successful of the program. 

Since there has been no leakage control done before in the zones, it was 
recommended to start with the repair of the backlog of leaks. For this purpose the 
minimum night flow needs to be measured and, thereafter, the leak detection team will 
work through the whole zone in an effort to reduce the backlog of leaks. The 
technique used to find the leaks will mainly be visual inspection. 

The further steps recommended for the implementation of leak detection 
program will generally comprise the following activities : 

- isolation test; 

- minimum night flow measurement and subsequent step testing for identification 
of the location of the leaks; 

- leak detection survey using sonic equipment for pin-pointing the location of the 
leaks; 

- leak repair works and preliminary evaluation of results after repairs; and 

- repetition of above activities, except for the isolation test, until the goal is 
reached. 

The sonic leak detection equipment generally applied will be the listening stick 
for sounding of fittings and the acoustic leak detector for locating leaks of pipes. A 
standard form prepared earlier will be used to note details of the type and location of 


the leaks, which will then be used for the repair of the leaks. 
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46 
3.2.6.4. Leak Detection Equipment 


The list of equipment which was recommended for the future program is 
shown in Table 3.17 with the quantities indicated, which were considered appropriate 
for each category of water utility. The classification of water utility and the type and 
number of equipment required were concluded from experience in the pilot zones and 
evaluation of distribution system characteristics, financial situation and personnel 
available in each town. From the viewpoint of application, these equipment can be 
divided into the following groups : 

1. logging equipment for flow and pressure measurements; 

2. valve and pipe location equipment; and 

3. sonic leak detection equipment. 

The data logger including accessories and software for the computer has proven 
to be a useful tool for monitoring of the flow and pressure. It will be used in the future 
to record flow of the permanently installed water meters (using a pulse unit) and 
pressure at the metering points or by means of hydrants, where available. During the 
leak detection program the data logger will be applied for the measurement and 
recording of the minimum night flows and step testing. This equipment, is only 
recommended for the larger towns. 

The valve and pipe location equipment will be required in total and will be used 
for the activities in connection with zone preparation, while the listening sticks and 


acoustic leak detector are required for control of the functioning of valves and locating 


leaks, respectively. 
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Table 3.17. List of Leak Detection Equipment for Future Leakage Control Program 


Water Enterprise with no. of cmnections 
DESCRIPTION 3 4,000 - 8,000 


xRp.1,000 xRp.1,000 xRp.1,000 


- DATA LOGGER “) 
Model SPECTRASCAN Microlog 2 L 
- PRESSURE TRANSDUCER 
Model DRUCK 10 - bar 
- LEVEL TRANSDUCER 
Model DRUCK 1 - bar 
- PULSE UNIT for Water Meter 
Model KENT PU 100 
- PRESSURE COUPLING (for Hydrants) 
Model VERNON MORRIS 


- Metal Box Locator - model FUJI F - 80 

- Metal Pipe Locator - model RD - 400 

- Non-Metal Pipe Locator - model Fuji PL130| 13,000 
- Measuring Wheel - model FUJI F-20 


- Valve Key - model VERNON MORRIS 
- LISTENING STICK 
Model FUJI 1.0m & 1.5m 
- ACOUSTIC LEAK DETECTOR 
Model FUJI WL - 200 


- Local Transport Allowance 


TOTAL COST (x Rp. 1,000) 


Source : Lahmeyer Int. & Associates, August, 1990. 
Note: ()= Including Accessories 


Based on 1989 price with exchange rate US $ 1.00 = Rp. 1,720.00 
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3.3. PROJECT COST 


3.3.1. General 


The cost estimate for the implementation of water loss reduction project in the 
20 towns had been made after the scope of the project and implementation schedule for 
each of the towns was prepared. 

In general, the scope of water loss reduction project follows the concept for 
program implementation described in Section 3.2.6 and will be supported by 
rehabilitation works, which comprise the rehabilitation of distribution and tertiary pipes 
and water meter relocation. These additional measures include pipe repair works at 
either distribution mains or tertiary pipes which are not properly installed as well as 
repair of leaks outside of the zones and repair works at reservoirs. While water meter 
relocation is required in accordance with the standard service connection and water 
meter installation which was prepared in order to make all meters accessible and to 
avoid manipulations by consumers. It is basically expected that at the end of the 
project, each water utility in those towns will have a water supply system which will 
fulfill the requirements for future system operation and leakage control work such as : 

- complete as-built drawings; 

- file of all pipes and armatures installed; 

- reliable water flow and consumption measurements; 

- all consumer meters are accessible and in good condition; 

- each distribution zone controllable ; so that the water utility can directly react if 

due to leaks the water consumption in any zone rises above the acceptable 
level; 


- administrative errors and inadequate procedures under control; 
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- repair works easily to be allocated due to the availability of as-built maps; 

- maintenance can be executed properly and periodically due to existing file of 

material condition and age; and 

- integrated future planning can be executed easily due to detailed as-built 

drawings. 

In order to expedite the execution of the project and to minimize the cost 
required for consulting services, the implementation schedule was prepared using an 
approach that the water loss reduction project will be undertaken simultaneously with 
priority is given to those four representative towns. In general, the entire project will 
be completed after 50 months, in which the consultant services for training and 


supervision will be required during the first 20 months. 


3.3.2. Components of Project Implementation Cost 


The cost estimate of the project was calculated in terms of local currency (Rp. 
or Rupiah currency) based on the implementation schedule and scope of the project 
developed earlier, and 1989 price. The components of the project cost can generally be 
divided into four groups as follows : 

1. investment cost of the leakage control program : 
a. equipment / materials ; 

- master flow meters, 

- water meter replacement, 

- leak detection equipment, 

- valves, 

- zone metering points, 


- pipe works, 
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- service connection relocation, and 

- leak repair works. 

b. civil works ; 

- installation of master flow meters, 

- installation of valves, 

- zone metering points, 

- pipe works, 

- service connection relocation, and 

- leak repair works. 

2. cost of rehabilitation works ; 
- rehabilitation of distribution and tertiary pipes, and 
- Water meter relocation. 
3. consulting and water utility internal costs ; 
- supervision costs (consulting services), and 
- water utility internal costs. 
4. cost of institutional package. 

The cost for consulting services is required for training and supervision of the 
project implementation in the first three zones of each town, including the institutional 
development program. While the water utility internal costs cover all expenses that 
need to be provided by the water utilities, such as for operation cost and incentives, for 
their staff who involve in the project implementation. 

The cost of institutional package includes all tools and software required for the 
institutional strengthening program in relation with the reduction and control of non- 


physical losses. 
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3.3.3. Cost Estimates 


The total base costs of the project for every town were derived from each cost 
component as mentioned earlier and are summarized in Table 3.18. The base year for 


cost estimate is 1989. 
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3.4. FINANCIAL ANALYSIS AND FINAL RESULTS 


3.4.1. Financial Analysis 


Financial analysis for each of the towns was prepared at the project level using 


nominal cost as payable by the water utilities. It was done to determine the Financial 


Internal Rate of Return (FIRR) of the project for a given tariff level. The assumption 


used in the analysis can be summarized as follows : 


ie 


Time period for evaluation is 1990 to 1995 in accordance with the project imple- 
mentation schedule 
Total project cost was determined through the following steps : 


a. the total estimated expenditures as shown in Table 3.18, excluding 


rehabilitation costs, were transformed into current prices for the period 1990 
to 1995 by escalating the annual proportions of each investment item. The 
escalation rates used are ; 

Local currency : 8 percent for 1990 to 1995 

Foreign currency : 5.3 percent in 1990 and 4.1 percent thereafter 

It should noted here that the cost of rehabilitation works was not taken into 

account in the total project cost used for the FIRR analysis, due to the 

following considerations : 

- the expected reduction in unaccounted-for water rate can be achieved 
without rehabilitation works (through leakage control and institutional 
development program). 

- the rehabilitation works are recommended, however, to bring the water 


supply scheme to a proper technical standard, supporting the water utilities 
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54 
to keep or even decrease in future the reduced acceptable rate, but are not 
directly related to a reduction of the water losses. 

- there was a possibility that the rehabilitation works would be incorporated 
into another program under financial assistance from different sources. 
Therefore it was preferable to make a pure project analysis to discern the 
financial impacts of the water loss reduction project alone with regard to the 
tariff level and margins for financing. 

b. price contingencies were applied to the base cost, excluding institutional 
package, after adding 10 percent physical contingencies defined as possible 
increase in costs by physical conditions which adversely affect the 
construction or installation of the works and which could not be foreseen at 
the planning and design stage. 

c. finally, to total base cost, plus physical contingencies and plus price 
contingencies, 10 percent value added tax (VAT) applicable to the project 
were added to arrive at total project cost. 

Project benefits 

Calculation of project benefits was made based on the following two possible 

sources of benefits stemming from the implementation of the project : 

a. additional water available for sale due to the reduction of the percentage of 
unaccounted-for water. This is the case for the period when demand for 
water is higher than the water produced. The additional water available for 
sale was then valued with the average tariff and entered the calculation as 
incremental benefit during the period. 

b. saving in production cost, as due to the implementation of the project less 
volume of water have to get produced according to demand forecast. This is 


the case if the net production capacity exceeds the existing demand. In this 
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case, the demand forms the basis for calculating the necessary production 
with and without the water loss reduction project. The difference, i.e. not 
produced water due to the project was then multiplied with the cost price and 
entered as benefits in the analysis. 

In the case that tariff adjustment is possible and needs to be introduced in order 
to recover the investment and operating cost of the project, the financial analysis for the 
new proposed tariff has also been done. The FIRRs for each town, both for the 


existing and proposed tariff, are shown in Table 3.19. 


3.4.2. Final Results of the Study 


The analysis of financial internal rate of return forms as the basis for 
determination of the feasibility of the project. Since the implementation of the project 
will be financed through a loan from the Asian Development Bank in which case the 
borrower will not be the water utilities but the Government of Indonesia, which will 
bear the foreign exchange risk, therefore the following financing conditions, 


established by the Government for providing loans to a public utility, were applied : 


- Interest rate 9 percent 
- Grace period 5 years 
- Terms 20 years (including grace period) 


Based upon the financial analysis and the above financing conditions, it was 
finally concluded that the project was considered feasible only for 14 out of the 20 


towns, that is for those whose FIRR is more than 9 percent. 
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IV. COST MODEL AND FEASIBILITY INDICATION 
OF WATER LOSS REDUCTION PROGRAM 


4.1. GENERAL 


The main purpose of this chapter is to utilize the results of the Water Loss 
Reduction Study in 20 towns for developing a representative cost model and feasibility 
indication of a similar water loss reduction program for small and medium towns in 
Indonesia. 

The approaches to the cost model and feasibility indication of water loss 
reduction program presented in this chapter are quite simple and straightforward 
because of the lack of detail information, and the estimated project cost for 16 out of 
the 20 towns are somewhat preliminary. The overall procedures can be described as 
follows : 

- analysis and selection of preliminary cost model of water loss reduction 

program, and 

- analysis of economics of the water loss reduction program including 

possibility for the development of feasibility indication of water loss 
reduction program for small and medium size towns . 

Prior to the analysis of unit cost parameters for the cost model, a review and 
evaluation of data on major components of unaccounted-for water and the 
recommended leak detection methods will be made as to facilitate the drawing of 


conclusions. 


goad min te te 
efilitiaedt tar lobonr 
ei onan mulbarth vies enw 


atl tirew Yo notte) ¢ Cider bee alia de 
marencnigion: Lan diiehie sityp awa oxqedy Gan mi, 
torte TH sol fens rosperigp uae ep sath Pei | 

4 be ramets od voter ae tonaniy lala <0 costo 


vital seal feetw. hy GsOGAy door aio x 


- 
igri andes Cente 21n nciaolitey anal sea Gi de a 


rate “mate -netbootieal? enact 


Inne tarsi Wi, Dbovey tng ee . 


of ye ott Mien aaNet ined 
tt gue 2 aaa) a ; ‘ 


60 
4.2, REVIEW OF DATA ON MAJOR COMPONENTS OF 
UNACCOUNTED-FOR WATER 


Unaccounted-for water is a useful indicator of the overall integrity of a water 
system with respect to water loss. Male and Walski (1990) define the unaccounted-for 
water as the difference between water supplied to the system and water that is metered 
as it leaves the distribution system. Unlike water loss, which is defined as the portion 
of water supplied to the system that is not used legally or beneficially, the unaccounted- 
for water is consumed in legitimate, useful ways (e.g. fire fighting, street cleaning, 
sewer flushing) ; illegitimate ways (e.g. stolen water, broken or inaccurate meters) ; or 
wasteful ways (e.g. leakage, excessive breakage). Male, Noss and Moore (1985), 
Jeffcoat and Saravanapavan (1987), and AWWAREF (1987) provide details on 
calculating unaccounted-for water. The value of unaccounted-for water is usually 


expressed as a percentage : 


water supplied - metered water use 
x 100 % 


water supplied 

The percentage of unaccounted-for water is a general description used to 
provide a quick assessment of how tight a distribution system is. Systems with 
unaccounted-for water values below 15 percent are considered to be in good condition, 
while those with values higher than 30 percent are considered poor (Male and Walski, 
1990). In the latter case, efforts should be made to determine why the value is so high 
and where the water is being used or wasted. 

Study of water balance in the four representative towns shows that the 
unaccounted-for water can be divided into two major components, i.e. physical losses 
(distribution system leakage) and non-physical losses. From the breakdown of 


components of unaccounted-for water shown in Table 3.11, the non-physical losses 


iy 
Site 0 9.4K ch Sorarecy Ss in Nal wt heal © ow eben "7 


‘yet Resarertae ach mrtee eth aT | ange peesha ae wa pected caine 


yy rh ee! cenw Semireere oll sen Galas wae er Vi awe _S 
‘= - 7 Edy 


cette oo et teint) al rates , oes pair aii ee a Bo 1 au a 7 


vsttienesseite> os anita od ili a ite 2 8 lp cts . an 
a 
so (foe molten an gals “0 tee aioesshys a hoe oo pn ttew | o eo 


os, (eis She take ey ReaD (ii 7 halon anne — eitap il woe 
LORS: A tnd et lett wae wee weet gati9) sew ean 
tied eivveng (Tdete W A Ae aren fe wate dat 6? be aod 
<Haiewosi-sevew sine ae ‘ei fuakes 
7 agentes @ 30 Le 

‘we 

- 


+ (oer 
o- | nn lea wa x 


ej! 7 
@, ~<°% 2 


botheerua ee _ 
- ; = s ra _ : 
4 St 8 tttrasacal +i 31 6 ob Joe" wl lone any kes sgainooiee of 9 
7 a, Se 
Giby eta rye Po citeite ongyd sagt pe culgix west Ye usensien =" by 
HG ny tM ol Ronee emery Bh aed roel preg to cae . 
os haat — 
pulphalad of ty ¢ ni aot na Fah igi 


| ” 
(meri Tor soft iia seine ai @ moa 


a 
a 


en. ¢weaily, cone swldeaivalqey Sl ue vat we 


7. af 
Aaiodls ae pdaeagestoe 


aioe 
| meagut Grplegeqtior 


‘ 
. 


61 
were further divided into five components but no further breakdown was given for the 
physical losses. 

For the purpose of evaluation, the components of unaccounted-for water 
obtained in the Water Loss Reduction Study are compared to the average unaccounted- 
for water components reported from 73 water utilities in New England, the United 


States of America as shown in Table 4.1. 


Table 4.1. Comparison of Components of Unaccounted-for Water 


DESCRIPTION 


% % 
a. Meter Slippage : 1. Over estimation of 
volume distribution 14.3 12:5 
| 2. Consumer meter 
errors 


b. Illegal Connections 


c. Flushing 
d. Street Washing 


Reported for Water Balance 
New England, USA} Study in 4 Towns 


{ 2. Unmetered autho- 
rized usage 


Physical Losses (Dist. | System Leakage) : 
b. Major Breaks 


Source: 1) Male, Noss and Moore, 1985. 
2) Lahmeyer Int. & Associates, February 19904. 


From the above table it can be seen clearly that allowance for flushing, street 
washing, fire fighting and recreation are not given in the breakdown of components of 
unaccounted-for water for the four representative towns in the Water Loss Reduction 


Study. This reflects the general conditions in small and medium towns in Indonesia 
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where there are usually no records available for the water used for fire fighting, 
flushing and recreation. In the case of fire occurrences, local available water sources 
such as rivers or ponds are more oftenly used as the source of water for fire fighting. 
While street washing is done only in some major cities using raw water from the 
locally available water bodies. The distribution system leakage alone in the four towns 
made up 69 percent. This is considered high compared to the average about 40 percent 
reported in New England water utilities. 

Based on the above comparison and consideration to local situation of the 20 
towns covered by the Water Loss Reduction Study, the target of 20 percent 
unaccounted-for water designated after the project as described in Section 3.2.5 is 
considered reasonable with the note that allocation for street washing, flushing, fire 


fighting and recreation are not accounted for. 


4.3. REVIEW OF THE RECOMMENDED LEAK DETECTION 
METHODS 


Assessment of the appropriateness of the recommended methodology is 
difficult to make since the Water Loss Reduction Study gives no information of the 
amount of water lost through each type of leaks. Table 3.9 indicates only the number 
and location of leaks detected in the pilot zones of the four representative towns. The 
table shows that in the first two towns (Banda Aceh and Jambi) 80 to 90 percent of the 
number of leaks were found by visual inspection, while in the other two towns only 
about 9 percent of leaks were detected through visual inspection. The difference in 
number of leaks detected in those towns was explained by the fact that consumer 
meters in the latter two towns were repaired prior to the commencement of the leak 
detection program. However, the number of leaks does not always correspond with 


the volume of water lost. By comparing Tables 3.9 and 3.14, it can be seen that a 
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63 
higher reduction in percentage of unaccounted-for water was achieved in Tasikmalaya 
and Purworejo, which both have smaller number of leak occurrences compared to the 
other two towns. This evidence shows that both visual inspection and sonic survey are 
required to achieve the expected level of unaccounted-for water. 

Male and Walski (1990) described that determination of the quantity of water 
being lost from a distribution system is extremely important both from the point of 
view of assessing its general condition and in being able to identify and repair 
components contributing to water loss. According to Male, Noss and Moore (1985), 
two common approaches to determining water system leakage are : 

1. water audit ; either a comprehensive water audit or a district audit. 
2. leak detection survey using either one of the following equipments : 

a. sonic leak detection equipment which include geophone and aquaphone 

b. leak noise correlator 

c. mini probe sensors 

d. tracer gas 

The sonic leak detection is the most common in the United States because it is 
generally cheaper and easier to perform (Male, Noss and Moore, 1985). For sonic 
approaches to be useful however, the operator must be well trained, know the 
limitations of the detection equipment, and be familiar with the distribution system. 

Based on considerations to local distribution system conditions and for a long 
term development, the concept for water loss reduction program in the 20 towns as 
described in Section 3.2.6 could be considered adequately designed, especially if the 
control of unaccounted-for water is to be assigned routinely to each water utility. The 
general preparations and zone establishment as described in sections 3.2.6.1 and 
3.2.6.2, which basically comprise institutional development, installation of master 


flow meters, mapping and recording of the locations and conditions of valves, pipes, 
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64 
service connections and consumer water meters, could be considered as prerequisite 
activities prior to the execution of a leak detection and repair program. 

Maintenance of accurate maps and records in general are considered as 
straightforward features but important (Male and Walski, 1990). Overlay maps with 
necessary information about technical data and condition of the system will certainly be 
helpful for easy analysis as they can highlight trouble spots. Male, Noss and Moore 
(1985) stated that knowledge of the distribution system itself is sometimes as important 
as an accounting of water uses. This is also essential if a program of preventive 
maintenance or repair is to be considered. 

Consumer and water meter survey and inspection are required in order to obtain 
a more accurate figure of water consumption and efficiency of the distribution system. 
These activities will also lead to increasing revenue as underbilled and often illegal 
water use can be detected. 

The recommended leak detection methodology as described in Section 3.2.6.3 
is basically a combination of the water audit and sonic method. This combined method 
has proven to be effective in reducing water losses in the pilot zones of the four 
representative towns despite the fact that the implementation of the program is not 
financially viable for 6 out of the 20 towns covered by the Water Loss Reduction 
Study. The water audit method, however, is not fully recommended for small water 
utilities with less than 4,000 consumer connection. 

Based on analysis of two different survey methods conducted in Westchester 
Joint Water Works (using sonic method) and Louisville Water Company (using a 
combined water audit and sonic method), Male, Noss and Moore (1985) concluded 
that the combined water audit and sonic method is more expensive per unit volume of 
avoided leakage, but secondary benefits such as information gained about the 


distribution system and the benefits gained from meter testing are greater compared to 
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65 
sonic method alone. Furthermore, the sonic method leaves certain types of leaks 
undetected : some of large leaks such as broken mains or open blow-offs may emit 
sounds that are undetectable sonically (Siedler, 1982). The audit accounts for all the 
water in a district, ensuring that large leaks and breaks are not overlooked. 

Considering the fact that there has been no leakage control done before, and the 
locations of leaks detected in the pilot zones of the four towns as shown in Table 3.9, 
where the leaks are randomly distributed throughout the system components, the 


combined water audit and sonic method would be the best choice. 


4.4. COST MODEL OF WATER LOSS REDUCTION PROGRAM 


This section aims at developing a simple cost model of a water loss reduction 
project that can be used for identifying a preliminary cost estimate if a similar program 
to those in the 20 towns is to be implemented in other small and medium towns in 
Indonesia. This preliminary cost estimate will then be used as the basis for a 
preliminary benefit and cost analysis of the program, which is expected could give an 
indication of the feasibility of the program. 

Unlike the usual cost model which requires a deep assessment and complicated 
procedures, the model of preliminary cost indication of the water loss reduction 
program will be developed in the form of constant unit cost. For this purpose, five 
possible parameters of unit cost were considered : 

- cost per percent reduction of unaccounted-for water; 

- cost per volume (m3) of avoided leakage per year; 

- cost per unit flow (L/s) of water produced; 

- cost per metre length of pipework; and 


- cost per connection. 
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To perform the analysis, the necessary data from the 20 towns are retabulated 
as shown in Table 4.2. The figures of percent reduction of unaccounted-for water in 
column 7 are the difference between the existing unaccounted-for water mentioned in 
Table 3.12 and the target of percent unaccounted-for water after the project as 
described in Section 3.2.5. These figures are then multiplied by the average annual net 
production (m3/year), mentioned in Table 3.12 column 6, and enter as the volume of 
avoided leakage in column 8. The costs of leak control program in column 9 are taken 
from Table 3.19. These costs cover all expenses for the implementation of the 
program in those towns, including the costs for labor (wages plus fringe benefits), 
except rehabilitation cost. Consideration for not taking the rehabilitation cost into 
account is based on the assumption that rehabilitation program is somewhat required 
for a better distribution system, with or without the water loss reduction program. 

The unit costs per each parameter for those 20 towns are tabulated in Table 4.3 
and a statistical evaluation for obtaining the unit cost parameter with the least variation 
between all of the towns is made and the results are summarized in Table 4.4. 

The adequacy of data in Table 4.3 are assessed using an outlier method for 95 
percent confidence level. An outlier may be regarded as significant if the ratio of 

| extreme - overall mean | 
overall standard deviation 

exceeds the values indicated in Table C.1 in Appendix C (from Davies & 

Goldsmith, 1984). 

Any outlier found for each type of evaluation is discarded before calculating the 
mean (x), the standard deviation (s) and the estimated standard error (SE). 


The standard error of the mean is calculated as follows (Box, Hunter and 


Hunter, 1978) : 
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67 
SE = 
Where : s = standard deviation 
n = number of observations 
And the percent standard error relative to the average value (%SE) is calculated 
as follows : 
% SE = (SE/x) X 100 
Based on the evaluation of the percentage of standard error relative to the 
average value for every possible unit cost as shown in Table 4.3, it can be concluded 
that for overall 20 towns the cost per connection is considered as the most 


representative unit cost parameter since it has the lowest percent standard error relative 


to average value, i.e. 5.4 percent. 
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In order to facilitate the preliminary benefit-cost analysis which will be 

discussed in Section 4.5, the possibility for grouping of the towns should be 
considered to account for the variation of unit cost figures that may actually occur. 

Based on considerations to the technical and social aspects related to the 

distribution system, the towns are divided into three categories according to the two 

predominant parameters; number of service connection and net production capacity, as 


shown in Table 4.4: 


Table 4.4 Grouping of Towns for Cost Model of Water Loss Reduction Program 


Towns | Net Production| Number of Towns 
Category | (L/s) Connection 
I > 140 = 8,000 Banda Aceh, Jambi, Pakanbaru, 
IPurwokerto and Magelang 
80 - 140 4,000 - 8,000 [Tasikmalaya, Purworejo, Serang 
and Bekasi 


iLangsa, Pangkalan Brandan, Binjai, 
< 4,000 ebing Tinggi, Kisaran, Rantau Prapat, 
adang Sidempuan, Pangkal Pinang, 
Baturaja, Garut and Cilacap. 


The above grouping parameters are considered fit for all the towns with the 


exception of Bekasi and Tasikmalaya, which only fit one of the parameters. The 
decision to put them in category II was made after considering the fact that the figures 
of net production and number of connection shown in Table 4.2 for both of them are 
the total sum of two or more separate systems serving the towns and their vicinity. 
This consideration was taken in connection with the number of people served per L/s 
water consumed which is related to the average number of connection per unit water 


produced discussed in Section 4.5.2. 
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The same procedure is applied to each group of towns and the results are 
summarized in Table 4.5. These results are quite satisfactory where the relative 
standard error for each group is less than 10 percent. The rounded unit costs per 
connection mentioned in column 4 can be considered as a preliminary cost model of 


water loss reduction program in small and medium towns in Indonesia. 


Table 4.5. Preliminary Cost Model of Water Loss Reduction Program 


(3) (4) 
Category 


of Net Production} Number of evaluation Model 
Towns (L/s) Connection (Rp.) (Rp.) 


| | 2 
131,162.77 
80 - 140 4,000 - 8,000 6,539:5 130,000 
39 15:0 
2.9 % 
115,000 


4.5. ECONOMICS OF WATER LOSS REDUCTION PROGRAM 


= 114,365.5 
S = = 27,594.2 
SE = 8,320.0 
%SE = 7.3% 


4.5.1. General 


Determining the benefits of leak detection and repair program is difficult unless 
records of detailed characteristics of leaks and costs associated with their detection and 


repair are available. Male, Noss and Moore (1985) described that the economic 
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2 
benefits of leak detection and repair can be calculated on the basis of the volume of 
leakage detected and repaired. The value assigned to each unit volume of leakage has 
often consisted of the costs for water acquisition, power, and chemicals (Pilzer, 1981), 
but sometimes costs for pumping, treatment, transmission and distribution are included 
as well (Rago and Crum, 1979). Many other potential benefits of leak detection and 
repair program are considered very difficult to quantify. They include (Brainard,1979; 
and Kingston, 1979) : 

1. the gain of valuable information about the distribution system which can be used, for 
example, in setting priorities for replacement or rehabilitation program ; 

2. reduced risk of contamination ; 

3. increased firefighting capability ; 

4. less wear and tear on pumps, plants, and distribution systems, since less water is 
being processed ; 

5. fewer main breaks, and as a result, less property damage and fewer claims (and also 
lower insurance) ; 

6. enhanced public relations and utility employee relations ; 

7. delayed capacity expansion ; 

8. more efficient and better quality leak repair, less overtime, and better repair crew 
safety ; 

9. the inspection and exercising of valves and hydrants ; and 

10. improved environmental quality. 

The analysis of the benefit of water loss reduction program in this study 
follows in general the definition given by Male, Noss and Moore (1985) above. The 
benefit of the program will be the value of the amount of water that would have been 
lost from the leak had it continued to leak for a certain period from the time of 


discovery. The choice of the period is somewhat arbitrary. Based on considerations to 
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1 
local condition and water supply management practice in small and medium towns in 
Indonesia, where evaluation is usually made every five years, and for the reason of 
simplification , a six year period is chosen for this preliminary analysis of the benefit of 
water loss reduction program. Thus the assumption is that leaks are detected six years 
earlier, as a result of the water loss reduction program, than they would if there were 
no program. 

Since the water loss reduction program in the 20 towns (as the base data) has 
not yet been implemented, it is conservatively assumed that the leaks would have been 
leaking at the same rate at the beginning of the last year implementation of the program 
(the fourth year) as they were leaking at the beginning of the program, though actually 
there would be a significant reduction of leakage rate after three years implementation. 
Therefore, the benefit of implementing the water loss reduction program is based on 
the volume of leakage that is avoided by its earlier repair, the discovered leakage rate 
times six years. 

Each unit volume of the avoided leakage will be assigned a value in order to 
quantify the benefit. The value system used in the Water Loss Reduction Study as 
described in Section 3.4.1.c will be adopted for this evaluation. The two cases are : 

1. based on the average water tariff ; this is the case for those towns with water 
shortage problems, i.e. production capacity is less than demand for water, or 
population served is less than 60 percent; and 

2. for the case that the net production capacity exceeds the existing water demand, the 
average production cost forms the basis for valuation of benefit in terms of saving in 
production cost. 

However, due to unavailability of data for the second case, and since the most 
common situation in water supply systems in Indonesia is case number 1, the benefit 


analysis presented in this study will only consider the case number 1 where the avoided 
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74 
leakage is valued with the average water tariff. Table 4.2 shows that four towns, 
Binjai, Pakanbaru, Pangkal Pinang and Cilacap, are likely to face the situation covered 
by case number 2. However, from data on consumer candidate waiting, the percentage 
of population served and number of new connections per year shown in Table B.4 
(Appendix B), all towns, except Pangkal Pinang fit the requirements of case number 1. 
The conditions in the other three towns can be explained as follows (Lahmeyer Int. & 
Associates, August 1990) : 

- for Binjai ; the nominal production capacity could not be reached due to water 
source shortage. Replacement of two out of four well pumps and installation 
of new wells are required to produce nominal capacity. 

- for Pakanbaru ; the nominal capacity could not be achieved due to defects in 
raw water and distribution pumps and treatment plant. 

- the new treatment plant in Cilacap not fully utilized yet as the distribution 
network for it is still to be constructed. 

Therefore, data about water loss reduction study in Pangkal Pinang will not be 


taken into consideration for the rest of the evaluation. 


4.5.2. Correlation between Ratio of Benefits to Costs and Financial 


Internal Rate of Return 


For the purpose of developing a feasibility indication, a correlation between 
ratio of benefits to costs (B/C) and financial internal rate of return (FIRR) is required in 
the case that the feasibility of a program is determined on the basis of its financial 
internal rate of return, as it applies to water supply development programs in 


Indonesia. 


In this evaluation, the correlation between benefits to costs ratio and financial 
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internal rate of return will be estimated using the data from the Water Loss Reduction 
Study in 20 towns and by applying the same principle of benefit analysis as described 
in Section 4.5.1. Since the costs for project implementation for those towns are 
presented in 1989 local currency (Rupiah or Rp.), the benefits of the water loss 
reduction program will also be presented in 1989 Rupiah currency using the following 
assumptions : 

- the proposed average tariff as shown in Table 3.20 is in effect after three 
years implementation of the program (1994) and remain constant five years 
later (1999). 

- the interest rate used in the financial analysis of the Water Loss Reduction 
Study (9 percent) will be used as a constant discount rate to obtain the 1989 
present value of benefits. Thus, the 1989 present value of benefits of the 
Water Loss Reduction Program is based on six years annuity of benefits from 
selling the volume of avoided leakage (m3/year) at the constant average water 


tariff. 


PV of benefits 
annual benefit = vol. of avoided leak/year x ave. tariff 


Coe 


1989 90 91 92 93 94 95 96 97 98 99 


Cost of WLR 


- from tables of discount and annuity factors (Sugden and Williams, 1978), for 
six year period of annuity and four years of discount value at 9 percent 
discount rate, a multiplier factor of 3.18 has to applied to obtain the 1989 


value of benefits. 
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The necessary data as the basis for the calculation of benefits, such as cost of 
the leak control program , volume of avoided leakage per year, average water tariff and 
the corresponding financial internal rate of return, are taken from previous tables and 
restated in Table 4.6 together with the calculation of benefits and ratio of benefits to 
costs. 
The correlation between the ratio of benefits to costs and financial internal rate 
of return was obtained using the available cricket graph software and the results for 
towns category I, II, and III are shown in Figures 4.1, 4.2 and 4.3, respectively. For 
all of the three categories of towns, the plots of data are best fitted with polynomial 
curves with coefficient correlation (R) 2 0.94. In this case, the financial internal rate of 
return data for Tebing Tinggi could be considered significant as an outlier as indicated 
in Figure 4.3. 
The correlation between the ratio of benefits to costs and financial internal rate 
of return for every category of towns can be summarized as follows : 
Towns category I: FIRR = - 3.845 + 50.81 (B/C) - 11.09 (B/C)? with 
regression coefficient (R2) = 0.892 

Towns category II: FIRR = - 8.11 + 69.24 (B/C) - 18.34 (B/C)? with 
(R2) = 0.981 

Towns category III: FIRR = - 16.31 + 86.61 (B/C) - 34.50 (B/C)2 with 
(R2) = 0.978 

It is important to note here that these models valid only for the financial 
assumptions used in the Water Loss Reduction Study and are limited for use in the 
range of the available data as follows : 

- for towns category I: range of B/C = 0 to 2.0 

- for towns category II: range of B/C = 0 to 1.9 


- for towns category III: range of B/C = 0 to 1.25 
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In this case study, due to the very limited available data, further subdivision of 

each category based on the type of their water sources is not considered. Actually, 
there would be a considerable difference in water tariff between a spring source water 
supply system and a system using non-spring sources (surface water or deep well), 
except in the situation where the location of spring is quite far from the town. The 
former is usually cheaper due to lower production cost as a result of less treatment 
required. However, consideration to source of water will be taken in the attempt to 
find a more sufficient model of average water tariff and will be discussed in Section 


4.5.2. 
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Figure 4.3. Variation of FIRR with B/C for Towns Category Ill 


4.5.3. Feasibility Indication of Water Loss Reduction Program 


With reference to the results of cost model and correlation between the ratio of 
benefits to costs and financial internal rate of return previously discussed, preliminary 
indications of water loss reduction program for small and medium towns in Indonesia 
can be developed if the average number of connection and water tariff for each group 
of towns are known. The cost of water loss reduction program has proven to be more 
depending on number of connection, while the benefit of the program relies mainly on 
the volume of avoided leakage and average water tariff. 


For this reason, evaluation of data on the number of connections and the water 


tariff from the 20 towns is made and the results are shown in Table 4.7. 
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- the average number of connection is analyzed in terms of number of 
connection per unit flow of production, allowing two alternatives as shown in Table 
4.7. A better result is obtained for the average number of connection per L/s water 
produced by combining towns categories I and II (alternative 2), compared to 
individual group analysis (alternative 1). The latter yields a quite contradictory 
situation when compared to reality, where the number of connections per L/s water 
produced in larger towns are usually less than those in smaller towns due to a higher 
per capita consumption. In both analysis, the data for Bekasi should be discarded as it 
is considered significant as an outlier. Combining those two categories of towns for 
obtaining an average value of number of connection per unit production might then be 
possible as all these towns could be classified as medium size towns (Coffey and 
Partners Pty. Ltd, 1989). The result is considered more sufficient as shown in Table 
4.7 alternative 2; and will be adopted in the development of feasibility indication. 

- a considerable difference between the average tariff for systems with spring 
source and those with non-spring sources can be clearly notified for towns under 
category I. This reflects the normal situation where the price of water is greatly 
influenced by its production costs. Since less treatment will be required, the water 
tariff from spring source water supply systems is usually less expensive than those 
with non-spring sources. Similar to the analysis for the average number of 
connections per unit production above, a combined analysis of the average water tariff 
for towns categories I and II, with further subdivision into their water sources, yields 
more sufficient results as shown in Table 4.7 alternative 2. These results will then be 
used as the model of average water tariff for those categories of towns. 

- for towns under category III, the overall average number of connections per 
unit production and water tariff will be chosen as the model. Further division based on 


their sources of raw water is not considered due to very limited data available for towns 
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with spring sources. 
After these additional analyses, all of the assumptions used for the development 
of a preliminary indication of the feasibility of water loss reduction program in small 


and medium towns in Indonesia can be summarized as shown in Table 4.8. 
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By applying all those assumptions, a general feasibility indication of water loss 
reduction program for small and medium towns in Indonesia can be estimated using 
any example of L/s net production for each category of towns as shown in Table 4.9. 

The figures of number of connection in column (5) are obtained by multiplying 
the net production (L/s) in column (2) with the relevant average number of connection 
per L/s water produced from Table 4.8 column (5). These figures are then multiplied 
by the relevant cost per connection in Table 4.8 column (6) to arrive at the cost figures 
in column (8). The volume of avoided leakage per year in column (6) and benefits in 
column (7) are calculated as follows : 

Column (6) = Column (1) x {Column (4) - 20%} x 365 x 86,400/100 

Column (7) = Column (6) x 3.18 x relevant average water tariff 

where : 3.18 = a multiplier factor for the present value of a 6 year-period 

annuity started from the fifth year as discussed in Section 4.5.1. 
The relevant water tariff is taken from Table 4.8 column (7). 

Finally, the figures of estimated financial internal rate of return in column (10) 
are derived from column (9) using the relevant correlation between FIRR and B/C as 
mentioned in Table 4.8 column (9). 

The data of existing percentage of unaccounted-for water and financial internal 
rate of return for each category of towns were plotted as shown in Figures 4.4, 4.5 and 
4.6. These figures depict the model that can be used to roughly predict the financial 
internal rate of return of a given existing level of unaccounted-for water if a water loss 
reduction program is to be implemented. 

The low values of benefits to costs ratio, compared to the values of financial 
internal rate of return, is actually due to the length of benefit period used in this 
analysis is shorter than the 20 years term employed in the financial analysis of the 


Water Loss Reduction Study. 
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Figure 4.4. Variation of FIRR with UFW for Towns Category | 
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Figure 4.5. Variation of FIRR with UFW for Towns Category II 
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Figure 4.6. Variation of FIRR with UFW for Towns Category III 


Using the same financial condition as for the Water Loss Reduction Projects in 
20 towns, in which a minimum financial internal rate of return of 9 percent is used for 
the assessment of feasibility of projects, a criterion of minimum level of existing 
unaccounted-for water for conducting a similar eater loss reduction program in each 
category of towns can be obtained from Figures 4.4 to 4.6 above and summarized as 
follows : 
1. Towns Category I. 
- with spring source : Minimum existing UFW = 25.6 percent 
- with non-spring source : Minimum existing UFW = 24.5 percent 
2. Towns Category II. 
- with spring source : Minimum existing UFW = 27.5 percent 
- with non-spring source : Minimum existing UFW = 26.0 percent 
3. Towns Category III. : (spring or non-spring sources) 


: Minimum existing UFW = 32 percent 
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Evaluation of the adequacy of the model can be made by applying all the 
assumptions in Table 4.8 for obtaining internal rate of return figure for each of the 
towns covered by the Water Loss Reduction Study (excluding Pangkal Pinang). The 
results are then compared to the figures resulted from previous study as shown in 
Table 4.10. 

By applying a minimum internal rate of return of 9 percent as a criterion for the 
feasibility of the program, the results are quite similar except for the four towns; 
Pakanbaru, Purwokerto, Serang and Binjai. However, better results are obtained 
when the water tariff data and the number of connections are used in conjunction with 
the other assumptions, as shown in Table 4.10 column (4) : 

- from 5 towns in category I, only one town that is not in agreement with the 

results from previous study, 

- from 4 towns in category II, only one town that is not in agreement with the 
results from previous study but with only slight difference to the expected 
one, and 

- only 1 out of the 10 towns under category III which is not in agreement with 
the previous study. 

Therefore, the cost model and feasibility indication could be considered 

sufficient for a preliminary assessment of similar water loss reduction program for 


small and medium towns when used on a regional or country-wide basis. 
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Table 4.10. Comparison of FIRR Values 


Category I 
Banda Aceh 
Jambi 
Pakanbaru 
Purwokerto 
Magelang 

Category II 
Tasikmalaya 
Purworejo 
Serang 
Bekasi 

Category III 
Langsa 
Pangkalan Brandan 


Binjai 


Tebing Tinggi 


Kisaran 

Rantau Prapat 
Baturaja 

Cilacap 

Padang Sidempuan 
Garut 


Individual tariff & 
# of connection + Model 
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V. CONCLUSIONS AND RECOMMENDATIONS 


5.1. CONCLUSIONS 


Water loss reduction program by means of leak detection and repair was shown 
to be a cost-effective measure of reducing unaccounted-for water for most water supply 
systems. Previous studies show that various estimates of leakage for Indonesia’s 
water utilities indicate that large amounts of water is lost by leakage. Therefore, the 
potential of leak detection and repair programs to reduce leaked water is probably large. 
The persistence of high levels of unaccounted-for water suggests that improved 
management of the assets and aggressive reduction programs may have substantial 
payoffs in producing net revenue gains or cost saving. Beyond the benefits associated 
with the program, the reduction of unaccounted-for water could play a substantial role 
in holding down new capacity requirements or in postponing the time when it would be 
necessary to undertake capacity expansions. 

The previous study of water loss reduction program in 20 small and medium 
towns in Indonesia showed that a combined water audit and sonic method for medium 
towns and a single sonic method for small towns are proven to be appropriate and 
effective methods for reducing unaccounted-for water in those categories of towns. 
The study also showed that the program was not financially viable for some of the 
towns. It is evident that the economic efficiency of the program depends, to a large 
extent, on the characteristics of particular systems. 

On the basis of discussion in the previous chapters, the feasibility of the water 
loss reduction program depends mainly on the number of connections, existing 
percentage of unaccounted-for water and the average water tariff for particular systems. 


Using three classifications of system production capacity, a generalized cost model and 
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feasibility indication of similar water loss reduction programs have been developed to 
assist in budget allocations and prioritizing the towns that should be included if the 
program is to be extended as a national program. 

The models incorporate average conditions and unit costs and should not be 
used to provide definitive costing and feasibility for specific leak detection program or 
individual system. They are, however, considered sufficient when used for similar 
water loss reduction program in small and medium towns on a regional or country- 
wide basis and therefore a useful input into planning. The models can be used for 
predicting a preliminary cost estimate and feasibility indication of the same program in 
other small and medium towns, therefore the unnecessary time and budget for pre- 
investigation of the feasibility of the program in the towns, where the program will not 


be financially justifiable, can be avoided. 


5.2. RECOMMENDATIONS 


The general indication of minimum levels of unaccounted-for water for three 
categories of water supply systems presented in this report can be used for a quick 
assessment of possible feasibility of water loss reduction program in other similar 
systems. In order to obtain more accurate results, it is suggested to incorporate 
individual data on number of connection and average water tariff in combination with 
other assumptions and allowing the same analysis as employed in this report. 

Since the Water Loss Reduction Projects in the 20 towns, whose feasibility 
study results are used as the base data for analysis, have not yet been implemented, it is 
therefore necessary to update the data once the projects are completed. Similarly, 
evaluation of the achievement of unaccounted-for water reduction target should be 


made for further analysis of the effectiveness of the recommended leak detection 
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methods. 
A more detailed information about leak occurrences, the amount of water 
leaked, time spending and cost associated with leak repairs, on leak by leak basis, and 
the optimal surveying frequency would be very useful for further establishment of cost 


model and benefit analysis of the water loss reduction program. 
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APPENDIX A.1. Schematic Process of the Water Loss Reduction Study 


A. Selection of Representative Towns 


B. Selection of Pilot Zones in 4 Representative Towns 
and Preparation for Leak Detection Performance 


C. Performance of Leak Detection in Pilot Zones 


D. Evaluation and Extrapolation of Leak Detection Results : 
1. From Pllot Areas to Overall Distribution Systems 
2. From Representative Towns to the Remaining 16 Towns 


E. Preparation of Water Loss Reduction Program 


Feasibility Study for 4 
Representative Towns : 
* Banda Aceh 

* Jambi 

* Tasikmalaya 

* Purworejo 


Pre-feasibility 
4) Study for 16 
Remaining Towns 


: Water Loss Reduction 
Detailed Design Program — 
for 4 
Representative 
Towns 


Source : Directorate for Program Development, DGHS, MPW, GOI, 1990. 
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APPENDIX A.2. Selection of Representative Towns 


“ Data Review 
}* List of Criteria 
“ Preparation of Questionnaire 


Establishment and Agreement of 
Criteria for : 

“ Grouping of Towns 

* Scoring & Ranking in Each Group 
* Selection of Pilot Areas 


* Field visits to 20 towns 
* Seminar of WLR Program 


* Data Analysis and Evaluation 


»| " Compilation of Data 
* Description of Each Town 


Grouping of Towns Scoring System 


Ranking for Each Group 


4 Selected Towns : 
* Banda Aceh 


* Jambi 
* Tasikmalaya 
* Purworejo 


Bid Document for Leak 


Detection Equipment 
Inception Report AMEE 


Source : Directorate for Program Development, DGHS, MPW, GOI, 1990. 


101 


APPENDIX A.3. Selection of Pilot Zones and Preparation for Leak 
Detection Performance 


Survey & Investigation in 4 Selected Towns Evaluation of 
Bid Document 


Analysis and 
evaluation of 


Analysis & assessment 


technical of Aspects : 
aspects incl. * Socio-economic 
control of * Institutional 
non-physical * Financial 
losses 


Assistance in Bid 
negotiations & 
procurement of leak 
detection equipment & 
materials 


* Evaluation of 
material needs 
“ Scope of leak 
detection program ; 


Selection and 
delineation of 


Preparation 
and 


pilot zones in 4 


representative Develop 
towns - method ment of 
- implementation Training 


schedule and 
personnel 


Interim Report | 
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A.4. Performance of Leak Detection in Pilot Zone 


approach 


Preparation & Establishment 
of the pilot zones for leak 
detection performance 


Training for Water 
Enterprises Staff 


Source : Directorate for Program Development, DGHS, MPW, GOI, 1990. 
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APPENDIX A.4. Performance of Leak Detection in Pilot Zones 
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Further analysis and Preparation & establishment 
evaluation of : of pilot zones for leak detect- 


* Description of towns tion performance : 
* Existing condition of * Consumers meter survey 


water supply system * Installation and repairs of 
* Future development necessary materials/equip. 
plan “ Meters installation or 


* Hydraulic aspects replacement 


Training for Water 
Enterprises staff : 
* classroom 
* On the job 


Performance of Leak 
Detection in Pilot Zones : 
* Water balamce 

* Leak repairs 


Results of Leak 
Detection 


Performance in 
Pilot Zones 


Interim Report Il 


Source : Directorate for Program Development, DGHS, MPW, GOI, 1990. 


APPENDIX A.5. Evaluation and Extrapolation of Leak Detection Results 
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Report Il 


Extrapolation of results 
from pilot zones to overall 
distribution system in the 
4 representative towns 


Evaluation of Leak Detection 

Results : 

* Number & types of leaks 

* Hydraulic analyses 

* Re-evaluation of material 
needs 

* Zoning system, time & man 
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Developmet of leak detection 
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implementation of program 
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* Staffing 

* Training 
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Further ana- 
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“Institutional 
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Interim Report Il 
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A.6. Preparation of Water Loss Reduction Program 


Source : Directorate for Program Development, DGHS, MPW, GOI, 1990. 


103 


104 


APPENDIX A.6. Preparation of Water Loss Reduction Program 


Extrapolation Results of Proposed 
method for 16 extrapolation 
towns for overall 


Detailed financial 
analyses and eva- 
luation for 4 towns 


project 
management 


distribution 
systems in 4 
towns i 
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Complementary survey and 

investigation in 16 towns 

Development of project 

coverage in 4 towns : 

* Project components/ 
scope. 

* Implementation schedule 

* Cost estimates 

* Financial analyses and 
projection 

* Financing , arrangement 


Further analyses and evalua- 
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* technical 

* socio-economic 

* Institutional/organization 
* Financial, etc. 


Extrapolation of concept for 
WLR program in 16 towns : 
- Project components/scope 
- Implementation schedule 
- Preliminary cost estimates 
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Pre F/S Report for 16 Towns 


WLR Program for 20 Towns : 
- Implementation strategy 
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Detailed Design 
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APPENDIX B 
Table B.1. Criteria for Grouping, Ranking and Selection of Pilot Areas 
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1 Criteria Applicable For ‘references | 
; {ToT t rte cece nen en e------ , fumoer | 
TIN CRITERIA Grouping, Ranking } Pilot | of ; 
a! ‘ i 1 Area (Questionare' 


A. ,GENERAL INFORKATION 
101. Topography 
( Coastal Area, Lowland Plain Area/ 
Flat/ Upland Plain Area/Mountains } 


02. Geographical Distribution 
( Sumatca Island, Java Island ) 


03. Level of Government 
( Capital of Province, Kabupaten, 
Kecanatan, Kotamacya, Kota Adoinis- 
tratip ) 


B. ;SOCIO ECONOHIC ASPECTS 


i  ( Large, Mediva, Saall ) 


i] 
102. Population Density t 
; ° ( igh, Hedivs, Low ) 
' 
103. Type of Area s 
1  ( Residential, Commercial, Industrial 
aes 
t 
104. Type of Housiag t 
: ( Permanent, Seal Persanent, 
Teaporary ) 
t 


‘ 

'O1. Size of Town/Population 
; 

: 

; 

t 

1 

t 

, 

( 

1 

‘ 

( High, Kedive, Low ) 


105. Incone 
1 
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Source : Lahmceyer Int. & Associates, June 1989. 
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APPENDIX B 
Table B.1. Criteria for Grouping, Ranking and Selection of Pilot Areas (Cont'd) 


: i , Criteria Applicaple For ‘references ' 
t ' ; Fit ae oe ha ge ia ea ; number : 
NOG CRITERIA Grouping; Ranking | Pilot ! of : 
i ; | Area ‘Questionare! 
C ‘GENERAL TECHNICAL ASPECTS ; reer neaatt 
O01. Water Supply System Capacity aa bE t 
: ( ¢ 50 I/s, $1-100 I/s, 101 - 206 I/s} 


201 - 300 I/s ) 


'03. Average Water Consuaption 
' —( € 100 I/p/s, 100-120 I/els, 
; 120-150 I/p/s,> 150 l/p/s ) 


< Suiane ceveccuSaesesusenecoe see 
ee ene ee coca se ce aeeeceen cece one 
Devceseanesecascose seater sles srer sooo ces ssesasescassssencesssesescsesasacsnesseasoss 


‘ 02. Type of Distribution Systea : s 8 
( Gravity, Pumping ) 
: 104. System Pressure : : 8 ee : } 
‘ 1 ( High, Mediva, Low ) 
: 105. Pipe Materials me ae P 
pee (steels, OIF, ACP; PYC 
a Pe. ye ie 3 
1 106. Pipe Orameter aes pat te ome 
‘+ 1 ( ¢ 100 me, ¢ 250 ae, > 250 #8 ) 
; 407. Age of Pipes pe Fen pie ot; 
oo AC 19005 1970-1978; 1978-1963; 198; : : 
ae | Po. ok Be ee ! 
; 408. Depth of Pipe Lines ; ; Pe 8 
wea U6. 07500, 0750-1,00 a, 2 1,00 8.) 4 
meee : | 
; 09. Type of Water Meter ‘ : EPS ae 
1 + (Single Jet/Hults Jet, wet/dry ) 5 ' 
i 4 ; ; : 
i «40. Diameter of Water Heter ; : 1 ois 
nag Ah ot BY Ran 2 ec) Dal lee ; 
F ‘it. Sorl Characteristics : : eS eae WS. 
; «¢  (Noreal, Corrosive, Unsteble ) } : ; 
Pie ne ae ! 
, 0. LEVEL OF SERVICE ' 
Pa ee! il Ret ee Char 
(ee tc 7 te Vt t 
| Ol. Percentage of Population Served i See ae coe 
1 4 4 € 208, 21-38%, 36-50%, 2 508 ) ; 
ye end ye 
| 102. Number of Consumer Connections i ; et at) 
1 # (2000, 2001-5000, > $000 ) ; 
bat oor ee ane 


Source : Lahmeyer Int. & Associates, Junc 1989. 
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APPENDIX B 


Table B.1. Criteria for Grouping, Ranking and Selection of Pilot Areas (Cont'd) 


| eielededalidndidiedadiedadiedidiedindididindindindind diet lt eee 


104, 


suas 


01. 


04. 


01. 


Source : 


WATER LOSS ASPECTS 


. Percentage of Physical Water Losses 


. Nunber of Illegal Connections 


F. {FUTURE EXPANSIONS 


. Future Water Sources Capacity 


. Kew Consumer Connections per Year 


. Consuger Candidates Waitiag 


CRITERIA Grouping; Ranking | Pilot 


Hours of Service 
( « 16 h/d, 16-20 h/d, > 20 h/o |} 


Type of Consuser Connections 


( Domestic, Public Taps, Commercial, 
Industrial, Social } 


Percentage of Total water Losses 
(Unaccounted Water) 
( 0-30%, 31-40%, 41-50%, > SOx ) 


( 0-10%, 11-20%, 21-30%, 31-40x ) 
( 0-5, 6-103, ) 10% ) 


Rate of Leakage (Leaks per Month) 
( 0-18, 16-30, 31-50, » 30) 


Population Growth Rate 


( High, Kedium, Low ) 


( Not Enough, Enough, Kore than 
Enough ) 


( ¢ $00, 500-1000, > 1000 ) 


{ Hign, Mediua, Low ) 


Lahmeyer Int. & Associates, June 1989. 


Area 


‘references | 


, fuaber 
: of 


weer ee ce se ececeecoccecec oe ce ce lecc coc cnc ce 


a  Seeedededetetetttted ted deted ddd ddd ttt eee 
eee eee we wee ee ee eee eee se eee meee eee ee meee e ee ce sere esee cere secee=e 


107 


ac toi pu H 


}o2a0eeTs ‘re cpeersea ifes: seis Stee 


7 yy dng Se 
| et Pe meas nena ees a 
; os H r ~~ ped 
; Be 1 Pag en a 
; a t aeiant ma I 1 
: : 2 ‘ : “4 fare? saesioid 4 
; ‘ ; : H 
9 6 é » , 
> % ‘ i i 
® ‘ ’ ‘ 
° e ‘ f 
‘ ® 3. » ¥ 
4 i ' 4 : 
7 ‘ 
_ ; : : ' .. 
| ‘ , ' ie 
' ‘ ‘ ’ 
* Py ? oy ’ 
1 ‘ 4 4 é 
‘ ‘ ? e ‘ 
‘ ', i * ‘ 
i ty ele 
4 ‘ 4 , a 
' 4 4 ® 
‘ 4 y 9 ' 
4 @ é ’ ' 
| Pt es 
( ° t @ ® 
i LT ‘ % A 
: i é ‘ a 
a 
‘ 8 ’ e ing wy. 
; " ; (a> 
: ; H Hy | 
® ’ 4 i 4 
‘ 4 ‘ ' 
5 e af ) 4 
: : 4 “ oO 7 
4 4 2 _ : _ g 
é ’ a 4 : 7 < i-* 
SE ee os inp 
a eek a | Se aS 
’ < ¥ t .. a 2 ‘ A / >< 
' ‘ ‘ , e . sl lh erste = re 
: 7 4 », 7 ; ae. ahaa ay eee y i : 
i 9 e a » = UL te oo 7 — 7 a Z Ss 
¢ hi 7. ; a a “1 : 
‘ 4 ' 7 - 7 i aie 
® a f -) 1 : 7 
eo posjaih eee 
‘ w ow . 
‘ ’ 
» 
| 
8 
* 


108 
APPENDIX B 


Table B.1. Criteria for Grouping, Ranking and Selection of Pilot Areas (Cont'd) 


bee , Criteria Applicable for ‘references : 
ea [TI Ta ta eeennaren wen eesenn as ' number! 
1 KO | CRITERIA Grouping; Ranking : Pilot | of ; 
aa | Area ‘Questionare! 


G. , INSTITUTIONAL AND FINANCIAL ASPECTS 


,O1. Level of Management 

‘ ( POAM, BPAM ) 

02. Type of Organization Structure 
( Type A, Type 8, Type C ) 


(aededSxX, 1-155, 6-10%, <¢ 6x°] 


04. Cost of Water Productioa 
( € 75, 15-100, 101-125, » 125 ) 


05. Comaittaent of POAKS/BPAKs 
( Very High, High, Good, Fair ) 


weeeceeoeoce eee cece cece co eec eco coe eoeowee ce cee ooo ecco ewe cee eee cee cee eee cece ee eccce coe cc ccc cece 
weeeeeececce ee eres ce ew ee cece coerce oo eoeoe eee eco oo cow ee ooo ee eco eco cee ecco cc sassecoaceaasaaaaeae 


03. Financial Situation (Rate of Return), * {| & | 


Source : Lahmeyer Int. & Associates, Sune 1989, 
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Table B.2. Topographical/Geographical Comparison and Grouping of Towns 


topography Lowland Area 
TOWN _ geography | Sumatera | Java 
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APPENDIX B 
Table B.3. Weight and Scores for Ranking Criteria 


I. j|WATER LOSS RATE 


‘ e i] ' 
‘ O) U c 
: 101. Percentage of Total Water Losses f 10 ' : 
‘ ' (Unaccounted Water ) . ‘ : ‘ 
‘ : * 1 - 30 x : ‘ 1 ‘ 
: : x 31- 40 x ; ; 2 : 
H ; x 41- 50 x : : 3 ‘ 
4 ' sx > 50 % ‘ : 4 ‘ 
‘ ‘ ‘ ' ‘ 
; : 
+ II. ; HIGHEST BENEFITS FROM WATER LOSS REDUCTION : ‘ : 
¢ ‘ ry e ‘ 
4 4 ) 4 t 
' :02. Cost of Water Production : 8 : : 
' ' Faas 75 ; : 1 
: ' x 75 = 100 : . 2 ‘ 
7 ‘ * 101 - 125 p ‘ 3 ‘ 
‘ ; x > 125 : : 4 : 
‘ ' ; ‘ : 
‘ :03. Consumer Candidates Waiting : 8 ; : 
: ‘ x Low < 100 : H 1 c 
: : *x Medium 100-200 ! . 2 : 
- : * High > 200 ‘ ‘ 3 , 
6 4 ° ) ‘ 
‘ ‘ ‘ e . ‘ 
4 104. Leakage Repairs (Leaks per month) : 8 ; : 
; * 16<= 30 3 42a: 
‘ ' * > 50 : ‘ 4 : 
: 
' ‘ ‘ ‘ ‘ 
‘III. {FINANCIAL ABILITY & ASSISTANCE OF PDAM/BPAM : : ; 
4 4 . t) r) 
‘ 4 o ) ¢ 
: 105. Financial Situation (Rate of Return) ‘ 7 ‘ : 
c H « Poor < 6% d : 1 i 
L ‘ «x Fair 6 - 10% : : 2 : 
‘ ' = Good 11 - 15% ‘ 0 3 : 
‘ ‘ * Very Good > 15% : ‘ ‘ ‘ 
‘ t ° e 6 
t] 4 C) a 4 
‘ 106. Assistance of PDANs/BPAMs : 7 ; ‘ 
‘ * Fair 1 
{ ® High aarse a) 
; * Very High : 4 : 


Source : Lahmeyer Int. & Associates, June 1989. 
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APPENDIX B 
Table B.3. Weight and Scores for Ranking Criteria (Cont'd) 


IV. ,;WATER DISTRIBUTION SYSTEM CONDITIONS 


eee ee ee 


O07. Type of Oistribution System 
( Gravity, Pumping ) 

=x Gravity 

=x Pumping 


O08. Pipe Materials 

( ACP, CIP, OIP, GIP, PvC, STEEL ) 
x 3 Materials 

x 4 Materials 

=» 5 Materials 

x 6 Materials 


hWh — 


Age of Pipes 
Oldest pipes still in service ) 
O »> 1983 
C 1979 - 83 
B 11970 - 78 
A < 1970 


in 
Wh = 


Hours of Service 
x > 20 h/d 
* 16-20 h/d 
x < 16 h/d 


_ 
Oo 


Wh 


a we ioe el ao Coat 
w 


‘ 
Vv. {WATER SUPPLY SERVICE CONDITIONS 


x More than Enough 
x Enough 
* Not Enough 


WA = 


ereeceesccccn 


12. Percentage of Population Served 
x > 50% 
36 - 50% 
20 - 35% 
< 20% 


e % 8 
&wp-_— 


VI. ,OPPORTUNITIES FOR FUTURE EXPANSION 


13. New Consumer Connections per Year 
™ «< 500 
x 500 - 1000 
x > 1000 


WN = 


14. Average Water Consumption 
ss > 150 1/p/d 
x 121 - 150 1/p/d 
* 100 - 120 1/p/d 
x < 100 1/p/d 
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Source : Lahmcyer Int. & Associates, June 1989. 
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APPENDIX C 


Table C.1.Values of Outlier Ratio at Two Levels of Si gnificance 


No. in 
Sample 


0.05 
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2.36 
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eat he 


3 
ih 


2.88 


Source : Owen and Goldsmith , 1984. 
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